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Strip dual mode loop resonator for resonating microwave In dual mode and band-pass filter 
composed of the resonators. 
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® A strip dual mode loop resonator (31) consists of 
a loop-shaped strip line (33) having a pair of straight 
strip lines arranged in parallel, an electric length of 
the loop-shaped strip^ line being equivalent to a 
wavelength of a microwave circulated in the loop- 
shaped strip line in two difference directions accord- 
ing to a characteristic impedance of the loop-shaped 
strip line, and the straight strip lines being coaled 
to each other in electromagnetic coupling to change 
the characteristic impedance of the loop-shaped 
strip line. The microwave is transferred from an input 
strip line (32) to the loop-shaped strip line through 
electromagnetic field induced by the microwave. 
Thereafter, the microwav is reflected in the straight 
strip lines of the loop-shaped strip line to produce 
reflected microwaves circulated in opposite direc- 
tions. Thereafter, the reflected waves are r sonated 
and filtered in dual mode in the loop-shaped strip 
line. Th reafter, the microwave formed of the re- 
flected waves is transferred from the loop-shaped 
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BACKGROUND OF THE INVENTION 

1. FIELD OF THE INVENTION: 

The present invention relates to a strip dual 5 
mode loop resonator utilized to resonate waves in 
frequency bands ranging from an ultra high fre- 
quency (UHF) band to a super high frequency 
(SHF) band, and relates to a band-pass filter com- 
posed of a series of resonators which is utilized as io 
a communication equipment or measuring equip- 
ment. 

2. DESCRIPTION OF THE RELATED ART: 

A half-wave length open end type of strip ring 
resonator has been generally utilized to resonate 
microwaves rangingfrpm the UHF band to the SHF 
band. Also, a one-wave length strip ring resonator 
has been recently known. In the one-wave length 
strip ring resonator, no open end to reflect the 
microwaves is required because an electric length 
of the strip ring resonator is equivalent to one-wave 
length of the microwaves. Therefore, the micro- 
waves are efficiently resonated because electric 
energy of the microwaves resonated is not lost in 

the open end. 

In addition, in cases where a band-pass filter is 
composed of a plurality of strip ring resonators 
arranged in series, a strip dual mode ring resonator 
functioning as a two-stage filter is required to effi- 
ciently filter the microwave in the band-pass filter. 

2-1 PREVIOUSLY PROPOSED ART: 

A first conventional resonator is described. 

Fig. 1A is a plan view of a one-wave length 
strip ring resonator in which no open end is pro- 
vided. Fig. 1B is a sectional view taken generally 
along the line l-l of Fig. 1A. Each of constitutional 
elements of the ring resonator shown in Fig. 1A is 
illustrated in Fig. 1B. 

As shown in Fig. 1A, a one-wave length strip 
ring resonator 11 conventionally utilized is provided 
with an input strip line 12 in which microwaves are 
transmitted, a closed ring-shaped strip line 13, in 
which the microwaves transferred from the input 
strip line 12 are resonated, and an output strip line 
14 to which the microwaves resonated in the strip 
ring 13 are transferred. 

As shown in Fig. 1B, the input and output strip 
lines 12, 14 and the ring-shaped strip line 13 
respectively consist of a strip conductive plate 15, 
a dielectric substrate 16 surrounding the strip con- 
ductive plate 15, and a pair of conductive sub- 
strates 17a, 17b sandwiching the dielectric sub- 
strate 16. 



The ring-shaped strip line 13 has an electric 
length equivalent to a wavelength of the micro- 
wave. The electric length of the ring-shaped strip 
line 13 is determined by correcting a physical line 
length of the ring-shaped strip line 13 with a rela- 
tive dielectric constant € r of the dielectric substrate 
16. 

The input strip line 12 is arranged at one side 
of the strip ring 13 and is coupled to the ring- 
shaped strip line 13 in capacitive coupling. That is, 
when the microwaves transmit through the input 
strip line 12, electric field is induced in a gap 
space between the input strip line 12 and the ring- 
shaped strip line 13. Therefore, the intensity of 
electric field in the ring-shaped strip line 13 is also 
increased at a coupling point P1 adjacent to the 
input strip line 12 to a maximum value. 

The output strip line 14 is arranged at an 
opposite side of the strip ring 13. In other words, 
20 the output strip line 14 is spaced 180 degrees (a 
half-wave length of the microwaves) in the electric 
length apart from the input strip line 12. In this 
case, the intensity of the electric field in the ring- 
shaped strip line 13 is maximized at a coupling 
25 point P2 adjacent to the output strip line 14 be- 
cause the output strip line 14 is spaced 180 de- 
grees in the electric length apart from the input 
strip line 12. Therefore, the output strip line 14 is 
electrically coupled to the ring-shaped strip line 13 
30 in capacitive coupling. 

In the above configuration, when microwaves 
are transmitted in the input strip line 12, electric 
field is induced at a gap portion between the input 
strip line 12 and the ring-shaped strip line 13 by 
35 . the microwaves. Therefore, the intensity of the 
electric field in the ring-shaped strip line 13 is 
maximized at the coupling point P1 adjacent to the 
input strip line 12. Thereafter, the electric field 
induced at the coupling point P1 is diffused into the 
40 ring-shaped strip line 13 as traveling waves. In 
other words, the microwaves are transferred from 
the input strip line 12 to the ring-shaped strip line 
1 3. In this case, a part of the travelling waves are 
transmitted in a clockwise direction, and a remain- 
45 ing part of the travelling waves are transmitted in a 
counterclockwise direction. In cases where the 
wavelength of the microwaves is equivalent to the 
electric length of the ring-shaped strip line 13, the 
microwaves are resonated in the ring-shaped strip 
50 line 13. Therefore, the intensity of the microwaves 
in the ring-shaped strip line 13 is amplified. 

Thereafter, the intensity of the electric field in 
the ring-shaped strip line 13 is maximised at the 
coupling point P2 adjacent to the output strip line 
55 14 because the output strip line 14 is spaced 180 
degrees in the electric length apart from the input 
strip line 12. Ther fore, the lectric field is induced 
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13 and the output strip line 14. As a result, the 
microwave resonated in the ring-shaped strip line 
13 is transferred to the output strip line 14. 

Accordingly, the strip ring resonator 11 func- 
tions as a resonator of the microwaves. 5 

In this case, the microwaves can be resonated 
in the strip ring 13 even though the electric length 
of the ring-shaped strip line 13 is an integral mul- 
tiple of the wavelength of the microwaves. 

The strip ring resonator 11 is often utilized to 10 
estimate the dielectric substrate 16 because a res- 
onance frequency (or a central frequency) of the 
microwaves is shifted according to a physical 
shape of the dielectric substrate 16 and the relative 
dielectric constant c r of the dielectric substrate 16. 75 

The strip ring resonator 11 is described in 
detail in the literature "Resonant Microstrip Ring 
Aid Dielectric Material Testing", Microwaves & RF, 
page 95-102, April, 1991. 

20 

2-2 ANOTHER PREVIOUSLY PROPOSED ART: 

A second conventional resonator is described. 

Fig. 2 is a plan view of a strip dual mode ring 
resonator functioning as a two-stage filter. 25 

As shown in Fig. 2, a strip dual mode ring 
resonator 21 conventionally utilized is provided with 
an input strip line 22 in which microwaves are 
transmitted, a one-wave length strip ring 23 elec- 
trically coupled to the input strip line 22 in capaci- 30 
tiv coupling, and an output strip line 24 electrically 
coupled to the strip ring 23 in capacitive coupling. 

The input strip line 22 is coupled to the strip 
ring 23 through a gap capacitor 25, and the output 
strip line 24 is coupled to the strip ring 23 through 35 
a gap capacitor 26. Also, the output strip line 24 is 
spaced 90 degrees (or a quarter-wave length of the 
microwaves) in the electric length apart from the 
input strip line 22. 

The strip ring 23 has an open end stub 27 in 40 
which the microwaves are reflected. The open end 
stub 27 is spaced 135*degrees (or 3/8-wave length 
of the microwaves) in the electric length apart from 
the input and output strip lines 22, 24. 

In the above configuration, the action of the 45 
strip dual mode ring resonator 21 is qualitatively 
described in a concept of travelling waves. * 

' When travelling waves are transmitted in the 
input strip line 22, electric field is induced in the 
gap capacitor 25. Therefore, th input strip lin 22 50 
is coupled to the strip ring 23 in the capacitive 
coupling, so that a strong intensity of electric field 
is indue d at a point P3 of the strip ring 23 adja- 
cent to the input strip line 22. That is, the trav lling 
waves are transferred to the coupling point P3 of 55 
the strip ring 23. Thereafter, the travelling waves 
are circulated in the strip ring 23 to diffuse the 
electric field strongly induced in the strip ring 23. In 



this case, a part of the travelling waves are trans- 
mitted in a clockwise direction and a remaining part 
of the travelling waves are transmitted in a coun- 
terclockwise direction. 

An action of the travelling waves transmitted in 
the counterclockwise direction is initially described. 

When the travelling waves transmitted in the 
counterclockwise direction reach a coupling point 
P4 of the strip ring 23 adjacent to the output line 
24, the phase of the travelling wave shifts by 90 
degrees. Therefore, the intensity of the electric 
field at the coupling point P4 is minimized. Accord- 
ingly, the output strip line 24 is not coupled to the 
strip ring 23 so that the travelling waves are not 
transferred to the output strip line 24. 

Thereafter, when the travelling waves reach the 
open end stub 27, the phase of the travelling wave 
further shifts by 135 degrees as compared with the 
phase of the travelling wave reaching the coupling 
point P4. Because the open end stub 27 is equiv- 
alent to a discontinuous portion of the strip ring 23, 
a part of the travelling waves are reflected at the 
open end stub 27 to produce reflected waves, and 
a remaining part of the travelling waves are not 
reflected at the open end stub 27 to produce non- 
reflected waves. 

The non-reflected waves are transmitted to the 
coupling point P3. In this case, because the phase 
of the non-reflected waves transmitted to the cou- 
pling point P3 totally shifts by 360 degrees as 
compared with' that of the travelling waves trans- 
ferred from the input strip line 22 to the coupling 
point P3, the intensity of the electric field at the 
coupling point P3 is maximized. Therefore, the 
input strip line 22 is coupled to the strip ring 23 so 
that a part of the non-reflected waves are returned 
to the input strip line 22. A remaining part of the 
non-reflected waves are again circulated in the 
counterclockwise direction so that the microwaves 
transferred to the strip ring 23 are resonated. 

In contrast, the reflected waves are returned to 
the coupling point P4. In this case, the phase of the 
reflected waves at the point P4 further shifts by 
135 degrees as compared with that of the reflected 
wave at the open end stub 27. This is, the phase of 
the reflected wave at the point P4 totally shifts by 
360 degrees as compared with that of the travelling 
waves transferred from the input strip line 22 to the 
coupling point P3. Therefore, the intensity of the 
electric field at the coupling point P4 is maximized, 
so that the output strip line 24 is coupled to the 
strip ring 23. As a result, a part of the reflected 
wave is transferr d to the output strip lin 24. A 
remaining part of the refl cted wave is again cir- 
culated in th clockwise direction so that the micro- 
wave transferred to the strip ring 23 is resonated. 

Next, the travelling waves transmitt d in the 
clockwise direction is described. 
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A part of the travelling waves transmitted in the 
clockwise direction are reflected at the open end 
stub 27 to produce reflected waves when the 
phase of the travelling waves shifts by 135 de- 
grees. Non-reflected waves formed of a remaining 
part of the travelling waves reach the coupling 
point P4. The phase of the non-reflected waves 
totally shifts by 270 degrees so that the intensity of 
the electric field induced by the non-reflected 
waves is minimized. Therefore, the non-reflected 
waves are not transferred to the output strip line 
24. That is, a part of the non-reflected waves are 
transferred from the coupling point P3 to the input 
strip line 22 in the same manner, and a remaining 
part of the non-reflected waves are again circulated 
in the clockwise direction so that the microwave 
transferred to the strip ring 23 is resonated. 

In contrast, the reflected waves are return to 
the coupling point P3. In this case, because the 
phase of the reflected waves at the coupling point 
P3 totally shifts by 270 degrees, the intensity of the 
electric field induced by the reflected waves are 
minimized so that the reflected waves are not 
transferred to the input strip line 22. Thereafter, the 
reflected waves reach the coupling point P4. In this 
case, because the phase of the reflected waves at 
the coupling point P4 totally shifts by 360 degrees, 
the intensity of the electric field induced by the 
reflected waves is maximized. Therefore, a part of 
the reflected waves are transferred to the output 
"strip line 24, and a remaining part of the reflected 
waves are again circulated in the counterclockwise 
direction so that the microwaves transferred to the 
strip ring 23 are resonated. 

Accordingly, because the microwaves can be 
resonated in the strip ring 23 on condition that a 
wavelength of the microwaves equals the electric 
length of the strip ring 23, the strip dual mode ring 
resonator 21 functions as a resonator and a filter. 

Also, the microwaves transferred from the input 
strip line 22 are initially transmitted in the strip ring 
resonator 23 as the non-reflected waves, and the 
microwaves are again transmitted in the strip ring 
resonator 23 as the reflected waves shifting by 90 
degrees as compared with the non-reflected waves* 
In other words, two orthogonal modes formed of 
the non-reflected waves and, the reflected waves 
independently coexist in the strip ring resonator 23. 
Therefore, the strip dual mode filter 21 functions as 
a dual mode filter. That is, the function of the strip 
dual mode filter 21 is equivalent to a pair of a 
single mode filters arranged in series. 

In addition, a ratio in the intensity of th re- 
flect d wav s to the non-reflected waves is 
changed in proportional to the length of the open 
end stub 27 projected in a radial direction of the 
strip ring r sonator 23. Therefore, the intensity of 

♦ho roflo/~+CkH mir>rnt*/9wA +rartc^rfa^ 4v% *-s. •* 



strip line 24 can be adjusted by trimming the open 
end stub 27. 

The strip dual mode ring resonator 21 is pro- 
posed by J.A. Curtis "International Microwave 
5 Symposium Digest", IEEE, page 443-446(N-1 ), 
1991. 

2-3 PROBLEMS TO BE SOLVED BY THE INVEN- 
TION: 

10 

However, there are many drawbacks in the 
strip ring resonator 11. That is, it is difficult to 
manufacture a small-sized strip ring resonator 11 
because a central portion surrounded by the ring- 
75 shaped strip line 13 is a dead space. Also, the 
electric length of the ring-shaped strip line 13 can- 
not be minutely adjusted after the ring-shaped strip 
line 13 is manufactured according to a photo-etch- 
ing process or the like. In this case, the resonance 
20 frequency of the microwaves depends on the elec- 
tric length of the ring-shaped strip line 13. There- 
fore, the resonance frequency of the microwaves 
cannot be minutely adjusted. In addition, in cases 
where a plurality of strip ring resonators 11 are 
25 arranged in series to compose a band-pass filter, it 
is difficult to couple the ring-shaped strip lines 13 
to each other because the ring-shaped strip lines 
13 are curved. 

Also, there are many drawbacks in the strip 
30 ring resonator 21 . That is, a central frequency of 
the microwaves filtered in the strip ring resonator 
21 cannot be minutely adjusted because the cen- 
tral frequency of the microwaves depends on the 
width of the open end stub 27 extending in a 
35 circumferential direction of the strip ring 23. There- 
fore, the central frequency of the microwaves man- 
ufactured does not often agree with a designed 
central frequency. As a result, a yield rate of the 
strip ring resonator 21 is lowered. 
40 Also, because a resonance width (or a full 
width at half maximum) can be adjusted only by 
trimming the length of the open end stub 27, the 
resonance width cannot be enlarged. In other 
words, in cases where the width of the open end 
45 stub 27 in the circumferential direction is widened 
to enlarge the resonance width, the phase of the 
reflected waves reaching the output strip line 24 
undesirably shifts. As a result, the intensity of the 
microwaves transferred to the output strip line 24 is 
so lowered at the central frequency of the microwaves 
resonated. Accordingly, in cases where a plurality 
of strip ring resonators 21 are arranged in series to 
compose a band-pass filter, the filter is limited to a 
narrow passband type of filter. 

55 
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SUMMARY OF THE INVENTION 

A first object of the present invention is to 
provide, with due consideration to the drawbacks of 
such a conventional strip ring resonator, a strip 
dual mode loop resonator in which the central 
frequency of the microwave is minutely adjusted 
and the resonance width is widened, and to provide 
a band-pass filter composed of the resonators. 

Also, a second object is to provide a small- 
sized strip dual mode loop resonator in which the 
resonance frequency is easily and minutely ad- 
justed and the resonance width is narrow, and to 
provide a band-pass filter composed of the resona- 
tors. 

The first object is achieved by the provision of 
a strip dual mode loop resonator in which micro- 
wave is resonated, comprising: 

a loop-shaped strip line having a pair of par- 
allel lines arranged in parallel to each other, an 
electric line length of the loop-shaped strip line 
being equivalent to a wavelength of the microwave 
to resonate the microwave circulated in the loop- 
shaped strip line in two difference directions ac- 
cording to a characteristic impedance of the loop- 
shaped strip line, and the parallel lines being coup- 
led to each other in electromagnetic coupling to 
change the characteristic impedance of the loop- 
shaped strip line; 

an input strip line in which the microwave is 
transmitted; ; 

an input impedance element for coupling the 
input strip line to the loop-shaped strip line in 
electromagnetic coupling to transfer the microwave 
from the input strip line to an input point of the 
loop-shaped strip line; 

an output strip line in which the microwave 
resonated in the loop-shaped strip line is transmit- 
ted; and 

<an output impedance element for coupling the 
output strip line to the loop-shaped strip line in 
electromagnetic coupling to transmit the microwave 
from an output point of the loop-shaped strip line to 
the output strip line, the output point being spaced 
a quarter of the wavelength of the microwave apart 
from the input point. x 

In the above configuration, when the microwave 
is transmitted in the input strip line, electromag- 
netic field is induced by the microwave between 
the input strip line and the loop-shaped strip line. 
Therefore, the input strip line is coupled to the 
loop-shaped strip line by the action of the input 
impedance el ment, so that the microwave is trans- 
ferred to the input point of the loop-shaped strip 
line. 

Thereafter, the microwav is transmitted in the 
loop-shaped strip line in two differential directions 
such as a clockwise direction and a counterclock- 



wise direction, according to the characteristic im- 
pedance of the loop-shaped strip line. 

In this case, because the characteristic imped- 
ance of the loop-shaped strip line is changed by 
5 the electromagnetic coupling between the parallel 
lines of the loop-shaped strip line, the microwave is 
reflected in the parallel lines of loop-shaped strip 
line to produce reflected waves. The reflected 
waves are circulated in the loop-shaped strip line in 

70 the clockwise and counterclockwise directions. In 
this case, electromagnetic coupling strength be- 
tween the parallel lines depends on the shape of 
the loop-shaped strip line such as a strip line width 
and a distance between the parallel lines. 

75 Thereafter, because the electrical line length of 
the loop-shaped strip line is equivalent to the 
wavelength of the microwave, the microwave 
formed of the reflected waves Js resonated in the 
loop-shaped strip line. In this case, a resonance 

20 width of the microwave resonated in the loop- 
shaped strip line depends on the electromagnetic 
coupling strength between the parallel lines. That 
is, the resonance width is varied depending on the 
shape of the loop-shaped strip line. 

25 Thereafter, intensity of electric field or mag- 
netic field is maximized by the reflected waves at 
the output point of the loop-shaped strip line. 
Therefore, the output strip line is coupled to the 
loop-shaped strip line by the action of the output 

30 impedance element. Thereafter, the microwave res- 
onated in the loop-shaped strip line is transferred 
to the output strip line. 

In contrast, intensity of electric field or mag- 
netic field is minimized by the reflected waves at 

35 the input point of the loop-shaped strip line be- 
cause the input point is spaced the quarter of the 
wavelength of the microwave apart from the output 
point. Therefore/the input strip line is not coupled 
to the loop-shaped strip line so that the microwave 

40 resonated in the looprshaped strip line is not re- 
turned to the output strip line. 

Accordingly, because the microwave is reso- 
nated in the loop-shaped strip line on condition that 
the wavelength of the microwave is equivalent to 

45 the line length of the loop-shaped strip line, the 
strip dual mode loop resonator functions as a reso- 
nator and a filter. 

Also, because the microwave is initially cir- 
culated in the loop-shaped strip line as non-re- 

50 fleeted waves, and the reflected waves shifted 90 
degrees as compared with the non-reflected waves 
are again circulated in the loop-shaped strip line, 
two orthogonal modes formed of the non-reflected 
waves and the reflected waves independently co- 

55 exist in the strip dual mod loop resonator. There- 
fore, the strip dual mode loop resonator operates in 
dual mode. 
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Also, because the parallel lines of the loop- 
shaped strip line are approached to each other to 
couple in the electromagnetic coupling, a space 
occupied by the loop-shaped strip line can be 
minimized. Therefore, a small-sized strip dual 
mode loop resonator can be manufactured. Also, a 
hollow space formed in the center of the loop- 
shaped strip line can be efficiently utilized for the 
electromagnetic coupling. 

Also, because the resonance width of the mi- 
crowave is varied depending on the shape of the 
loop-shaped strip line, the resonance width can be 
adjusted by changing the width of the loop-shaped 
strip line or the distance between the parallel lines. 

It is preferred that the strip dual mode loop 
resonator additionally include a line-to-line imped- 
ance element arranged between the parallel lines 
of the loop-shaped strip line for changing the char- 
acteristic impedance of the loop-shaped strip line, 
a first electric line length between the input point 
and one end of the line-to-line impedance element 
connected to one of the parallel lines being equal 
to a second electric length between the output 
point and another end of the line-to-line impedance 
element connected to the other parallel line. 

In the above configuration, the characteristic 
impedance of the loop-shaped strip line is changed 
by an impedance of the line-to-line impedance 
element. That is, electromagnetic waves existing in 
the loop-shaped strip line exert influence on each 
other through the line-to-line impedance element. 

Therefore, intensity of electric field or magnetic 
field induced by the microwave which is influenced 
by the line-to-line impedance element is maximized 
at the output point even though the microwave is 
not reflected in the parallel lines. Therefore, the 
resonance width of the microwave resonated is 
changed depending on the impedance of the line- 
to-line impedance element. 

Accordingly, the resonance width of the micro 
wave resonated in the Iqop-shaped strip line can 
be suitably adjusted by changing the impedance of 
the line-to-line impedance element. 

It is preferred that the strip dual mode loop 
resonator additionally include a capacitor having a 
variable capacitance for changing the characteristic 
impedance of the loop-shaped strip line, one end 
of the capacitor being connected to a connecting 
point of the loop-shaped strip line spaced a three- 
eighth of the wavelength of the microwave apart 
from the input and output points of the loop-shaped 
strip line, and another end of the capacitor being 
grounded. 

In the above configuration, a central frequency 
of the microwave resonated in the loop-shaped 
strip line depends on both the impedance of the 
line-to-line impedance element and the variable 



Therefore, after the central frequency is 
roughly adjusted by adjusting both the impedance 
of the line-to-line impedance element and the vari- 
able capacitance of the capacitor, the central fre- 

5 quency can be minutely adjusted by adjusting the 
variable capacitance of the capacitor after the reso- 
nator is manufactured. Accordingly, a yield rate of 
the resonator can be increased because the central 
frequency and the resonance width can be ad- 

w justed after the resonator is manufactured. 

It is preferred that the strip dual mode loop 
resonator additionally include an open end stub for 
reflecting the microwave to change the characteris- 
tic impedance of the loop-shaped strip line, the 

75 open end stub being spaced a three-eighth of the 
wavelength of the microwave apart from the input 
and output points of the loop-shaped strip line, and 
intensity of the microwave reflected by the open 
end stub being changed by trimming the open end 

20 stub. 

In the above configuration, a central frequency 
of the microwave resonated in the loop-shaped 
strip line depends on both the impedance of the 
line-to-line impedance element and the intensity of 
25 the microwave reflected in the open end stub. The 
intensity of the microwave reflected in the open 
end stub is proportional to the length of the open 
end stub. 

Therefore, after the central frequency is 
30 roughly adjusted by adjusting both the impedance 
of the line-to-line impedance element and the 
length of the open end stub, the central frequency 
can be minutely adjusted by trimming the open 
end stub after the resonator is manufactured. Ac- 
35 cordingly, a yield rate of the resonator can be 
increased because the central frequency and the 
resonance width can be adjusted after the resona- 
tor is manufactured. 

It is preferred that the input impedance eie- 
40 ment be an input coupling capacitor for coupling 
the input strip line to the loop-shaped strip line in 
capacitive coupling, and the output impedance ele- 
ment be an output coupling capacitor for coupling 
the output strip line to the loop-shaped strip line in 
45 capacitive coupling. 

In the above configuration, when the microwave 
is transmitted in the input strip line, electric field is 
induced in the input coupling capacitor. Therefore, 
intensity of electric field at the input point of the 
so loop-shaped strip line is maximized by the action 
of the electric field induced in the input coupling 
capacitor. In other words, the microwave in the 
input strip line is transferred to the loop-shaped 
strip line. The input point is positioned at the loop- 
55 shaped strip line adjacent to the input strip line. 

Also, when the microwave r fleeted by the line- 
to-line impedance element and the lectromagnetic 
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the loop-shaped strip line, intensity of electric field 
in the loop-shaped strip line is maximized at the 
output point. The output point is positioned at the 
loop-shaped strip line adjacent to the output strip 
line. Therefore, electric field is induced in the out- s 
put coupling capacitor, so that the output strip line 
is coupled to the loop-shaped strip line in the 
capacitive coupling.. As a result, the microwave 
resonated in the loop-shaped strip line is trans- 
ferred to the output strip line. ro 

It is preferred that the input impedance ele- 
ment be an input magnetic coupling line for cou- 
pling the input strip line to the loop-shaped strip 
line in magnetic coupling, and the output imped- 
ance element be an output magnetic coupling line 15 
for coupling the output strip line to the loop-shaped 
strip line in magnetic coupling. 

In the above configuration, when the microwave 
is transmitted in the input strip line, magnetic field 
is induced in the input magnetic coupling line. 20 
Therefore, intensity of magnetic field in the loop- 
shaped strip line is maximized at the input point 
because the magnetic field is induced in the loop- 
shaped strip line by the action of the magnetic 
field. In other words, the microwave in the input 25 
strip line is transferred to the loop-shaped strip line. 
The input point is positioned at the loop-shaped 
strip line adjacent to the input strip line. 

Also, when the microwave reflected by the line- 
to-line impedance element and the electromagnetic 30 
coupling between the straight lines is resonated in 
th loop-shaped strip line, intensity of magnetic 
field in the loop-shaped strip line is maximized at 
the output point. The output point is positioned at 
the loop-shaped strip line adjacent to the output 35 
strip line. Therefore, magnetic field is induced in 
the output strip line by the action of the output- 
magnetic coupling line, so that the output strip line 
is coupled to the loop-shaped strip line in the 
magnetic coupling. As a result, the microwave res- 40 
onated in the loop-shaped strip line is transferred 
to the output strip line.^> 

Also, the first object is achieved by the provi- 
sion of a strip dual mode loop resonator in which 
microwave is resonated, comprising: 45 

a loop-shaped strip line having a pair of par- 
allel lines arranged in parallel to each other, a, line 
length of the loop-shaped strip line being equal to 
a wavelength of the microwave to resonate the 
microwave which is circulated in the loop^shap d 50 
strip line in two difference directions according- to a 
characteristic impedance of the loop-shaped strip 
line, and the parallel lines being coupl d to ach 
other in electromagnetic coupling to change th 
characteristic impedance of the loop-shaped strip 55 
line; 

an input strip line in which the microwave is 
transmitted; 



an input impedance element for coupling the 
input strip lin to the loop-shaped strip line in 
electromagnetic coupling to transmit the microwave 
from the input strip line to an input point of the 
loop-shaped strip line; 

an output strip line in which the microwave 
resonated in the loop-shaped strip line is transmit- 
ted; 

an output impedance element for coupling the 
output strip line to the loop-shaped strip line in 
electromagnetic coupling to transmit the microwave 
from an output point of the loop-shaped strip line to 
the output strip line, the output point of the loop- 
shaped strip line being spaced a half of the 
wavelength of the microwave apart from the input 
point of the loop-shaped strip line; 

a line-to-line impedance element arranged be- 
tween the parallel lines of the loop-shaped strip line 
for changing the characteristic impedance of the 
loop-shaped strip line, one end of the line-to-line 
impedance element connected to one of the par- 
allel lines being spaced a quarter of the wavelength 
of the microwave apart from the input point of the 
loop-shaped strip line, and another end of the line- 
to-line impedance element connected to the other 
parallel line being positioned to the output point of 
the loop-shaped strip line. 

In the above configuration, the microwave is 
transferred from the input strip line to the input 
point of the loop-shaped strip line because the 
lines are coupled to each other by the action of the 
input impedance element. Thereafter, because the 
characteristic impedance of the loop-shaped strip 
line is changed by the electromagnetic coupling 
between the parallel lines of the loop-shaped strip 
line and the line-to-line impedance element, the 
microwave is reflected to produce reflected waves. 
The reflected waves are resonated in the loop- 
shaped strip line. Thereafter, intensity of electric 
field or magnetic field is maximized at the output 
point of the bop-shaped strip line. Therefore, the 
output strip line is coupled to the loop-shaped strip 
line in the electromagnetic coupling by the action 
of the output impedance element. Thereafter, the 
microwave resonated in the loop-shaped strip line 
is transferred to the output strip line. 

Accordingly, even though the output strip line 
is spaced a half wavelength of the microwave apart 
from the input strip line, the strip dual mode loop 
resonator functions as a filter and resonator in dual 
mode. 

Also, a resonance width of the microwave r so- 
nated in the loop-shaped strip line can be set by 
providing the line-to-line impedance element. 

Also, th first object is achieved by the provi- 
sion of a band-pass filter for filtering microwave, 
comprising: 

a plurality of loop-shaped strip lines arranged 
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in series, each of the loop-shaped strip lines having 
a pair of parallel lines arranged in parallel to each 
other, an electric line length of each of the loop- 
shaped strip line being equivalent to a wavelength 
of the microwave to resonate the microwave cir- 
culated in the loop-shaped strip line in two dif- 
ference directions according to a characteristic im- 
pedance of the loop-shaped strip line, and the 
parallel lines of each of the loop-shaped strip line 
being coupled to each other in electromagnetic 
coupling to change the characteristic impedance of 
each of the loop-shaped strip lines; 

an input strip line in which the microwave is 
transmitted; 

an input impedance element for coupling the 
input strip line to the loop-shaped strip line ar- 
ranged in a first stage in electromagnetic coupling 
to transfer the microwave from the input strip line 
to an input point of the first-stage loop-shaped strip 
line; 

a plurality of inter-stage impedance elements 
which each are arranged between a pair of loop- 
shaped strip lines; 

an output strip line in which the microwave 
resonated in the loop-shaped strip lines is transmit- 
ted; 

an output impedance element for coupling the 
output strip line to the loop-shaped strip line in a 
final stage in electromagnetic coupling to transmit 
the microwave from an output point of the final- 
' stage loop-shaped strip line to the output point, the 
output point being spaced a quarter of the 
wavelength of the microwave apart from the input 
point in each, of the loop-shaped strip lines; and ~„ 

a plurality of line-to-line impedance elements 
respectively arranged between the parallel lines of 
each of the loop-shaped strip lines for changing the 
characteristic impedance of each of the loop- 
shaped strip lines, each of the line-to-line imped- 
ance elements being positioned at equal intervals 
from both the input point and the output point. 

In the above configuration, the loop-shaped 
strip lines are arranged in series. Also, each of the 
loop-shaped strip lines functions as a filter and 
resonator in dual mode. Accordingly, the band-pas^ 
filter functions as a multistage filter in which the 
number of stages is twice as. many as the number 
of loop-shaped strip fines. 

Also, the band-pass filter functions as a mul- 
tistage resonator in which a resonance width of the 
microwave can be adjusted. 

Also, the first object is achieved by the provi- 
sion of a strip dual mode loop resonator in which 
microwave is resonated, comprising: 

a loop-shaped strip line haying an electric 
length 6 L = 360 degrees equivalent to a wavelength 
of the microwave to resonate the microwave cir- 



ing to a line impedance thereof, the loop-shaped 
strip line comprising 

a pair of parallel lines which are arranged in 
parallel to each other and are coupled to each 
s other in electromagnetic coupling, the parallel lines 
respectively having an electric length 61 degrees 
(6K90 degrees) and a line impedance Z1, 

a first side strip line through which first side 
ends of the parallel lines are connected, the first 
10 side strip line having an electric length 02 degrees 
(02>9O degrees) and a line impedance Z2 differing 
from the line impedance Z1 , and 

a second side strip line through which second 
side ends of the parallel lines are connected, the 
is second side strip line having an electric length 03 
degrees (03 = 360 - 2*A1 - $2) and a line imped- 
ance Z3 differing from the line impedance Z1 ; 

an input strip line in which the microwave is 
transmitted; 

20 an input impedance element for coupling the 

input strip line to the first side strip line of the loop- 
shaped strip line in electromagnetic coupling to 
transfer the microwave from the input strip line to 
an input point of the first side strip line; 

25 an output strip line in which the microwave 
resonated in the loop-shaped strip line is transmit- 
ted; and 

an output impedance element for coupling the 
output strip line to the first side strip line of the 

30 loop-shaped strip line in electromagnetic coupling 
to transfer the microwave from an output point of 
the first side strip line to the output strip line, the 
output point of the first side strip line being spaced 
90 degrees in the electric length apart from the 

35 input point of the first side strip line. 

In the above configuration, when the microwave 
is transmitted in the input strip line, electromag- 
netic field is induced by the microwave between 
the input strip line and the loop-shaped strip line. 

40 Therefore, the input strip line is coupled to the first 
side strip line of the loop-shaped strip line by the 
action of the input impedance element, so that the 
microwave is transferred to the input point of the 
first side strip line. 

45 Thereafter, the microwave is transmitted in the 
loop-shaped strip line in two differential directions 
such as a clockwise direction and a counterclock- 
wise direction, according to the line impedance of 
the loop-shaped strip line. 

so In this case, because the line impedance Zi of 
the parallel lines in the loop-shaped strip line differ 
from the line impedance Z2 of the first and second 
side strip lines, and because the parallel lines are 
coupled to each other in the electromagnetic cou- 

55 pling, the microwave is reflected in the loop-shaped 
strip line to produce reflected waves. The reflected 
wav s are transmitted in the clockwise and coun- 

forHrt^tfwico rlirorfinnc Thnroafior Ka^ancA tho 
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electrical line length of the loop-shaped strip line is 
equivalent to the wavelength of the microwave, the 
microwave formed of the reflected waves is reso- 
nated in the loop-shaped strip line. In this case, 
intensity of electric field or magnetic field is maxi- s 
mized by the reflected waves at the output point of 
the first side strip line. Therefore, the output strip 
line is coupled to the first side strip line by the 
action of the output impedance element. There- 
after, the microwave resonated in the loop-shaped ic 
strip line is transferred to the output strip line. In 
this case, when a difference in the line impedance 
between the parallel line and the first or second 
side strip line is changed, a resonance width of the 
microwave resonated is also changed. 75 

In contrast, intensity of electric field or mag- 
netic field is minimized by the reflected waves at 
the input point of the first side strip line. Therefore, 
the input strip line is not coupled to the first side 
strip line so that the microwave resonated in the 20 
loop-shaped strip line is not returned to the input 
strip line. 

Accordingly, because the microwave is reso- 
nated in the loop-shaped strip line on condition that 
the wavelength of the microwave is equivalent to 25 
the line length of the loop-shaped strip line, the 
strip dual mode loop resonator functions as a reso- 
nator and a filter. 

Also, because the microwave is initially cir- 
culated in the loop-shaped strip line as non-re- 30 
fleeted waves, and the reflected waves shifted 90 
degrees as compared with the non-reflected waves 
are again circulated in the loop-shaped strip line, 
two orthogonal modes formed of the non-reflected 
-waves and the reflected waves independently co- 35 
exist in the strip dual mode loop resonator. There- 
fore, the strip dual mode loop resonator operates in 
dual mode. 

Also, because the parallel lines of the loop- 
shaped strip line are approached to each other to 40 
couple in the electromagnetic coupling, a space 
occupied by the loop-shaped strip line can be 
minimized. Therefore, a small-sized strip dual 
mode loop resonator can be manufactured. Also, a 
hollow space formed in the center of the loop- 45 
shaped strip line can be efficiently utilized for the 
electromagnetic coupling. . t 

* Also, the resonance width of the micro wave 
resonated in the loop-shaped strip line can be 
adjusted by changing the line impedances Z1 , Z2, 50 
Z3 in the loop-shaped strip line. 

It is pr ferred that the strip dual mode loop 
resonator additionally include an open end stub for 
reflecting th microwave to change the line imped- 
ance of th loop-shaped strip line, the open end 55 
stub being arranged at a middle point of the sec- 
ond side strip line to be spaced a three-eighth of 
the wavelength of the microwave apart from the 



input and output points of the first side strip line, 
and intensity of the microwave reflected by the 
open end stub being changed by trimming the 
open end stub. 

In the above configuration, a central frequency 
of the microwave resonated in the loop-shaped 
strip line depends on both the line impedance Z1 
of the parallel lines and the intensity of the micro- 
wave reflected in the open end stub. The intensity 
of the microwave reflected in the open end stub is 
proportional to the length of the open end stub. 

Therefore, after the central frequency is 
roughly adjusted by adjusting both the line imped- 
ance Z1 of the parallel lines and the length of the 
open end stub, the central frequency can be mi-' 
nutely adjusted by trimming the open end stub 
after the resonator is manufactured. Accordingly, a 
yield rate of the resonator can be increased be- 
cause the central frequency and the resonance 
width can be adjusted after the resonator is manu- 
factured. 

It is preferred that the strip dual mode loop 
resonator additionally include a capacitor having a 
^variable capacitance for changing the line imped- 
ance of the loop-shaped strip line, one end of the 
capacitor being connected to a middle point of the 
second side strip line to be spaced a three-eighth 
of the wavelength of the microwave apart from the 
input and output points of the loop-shaped strip 
line, and another end of the capacitor being 
grounded. 

In the above configuration, a central frequency 
of the microwave resonated in the loop-shaped 
strip line depends on both the line impedance Z1 
of the parallel lines and the variable capacitance of 
the capacitor. 

Therefore, after the central frequency is 
roughly adjusted by adjusting both the line imped- 
ance Z1 of the parallel lines and the variable ca- 
pacitance of the capacitor, the central frequency 
can be minutely adjusted by adjusting the variable 
capacitance of the capacitor after the resonator is 
manufactured. Accordingly, a yield rate of the reso- 
nator can be increased because the central fre- 
quency and the resonance width can be adjusted 
after the resonator is manufactured. 

Also, the first object is achieved by the provi- 
sion of a band-pass filter for filtering microwave, 
comprising: 

a plurality of loop-shaped strip lines arranged 
in series, each of the loop-shaped strip lines having 
an electric length 6 L =360 degrees equivalent to a 
wavelength of the microwave to resonate the mi- 
crowave circulated therein in two differenc direc- 
tions according to a line impedance thereof, each 
of the loop-shaped strip lines comprising 

a pair of parallel lines which are arranged in 
parallel to ach other and are coupled to each 
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other in electromagnetic coupling, the parallel lines 
respectively having an electric length 01 degrees 
(0K9O degrees) and a line impedance Z1, 

a first side strip line through which first side 
ends of the parallel lines are connected, the first 
side strip line having an electric length 02 degrees 
(02>9O degrees) and a line impedance Z2 differing 
from the line impedance Z1, and 

a second side strip line through which second 
side ends of the parallel lines are connected, the 
second side strip line having an electric length 03 
degrees (03 « 360 - 2*01 - 02) and a line imped- 
ance Z3 differing from the line impedance Z1; 

an input strip line in which the microwave is 
transmitted; 

an input impedance element for coupling the 
input strip line to the first side strip line of the loop- 
shaped strip line arranged in a first stage in elec- 
tromagnetic coupling to transfer the microwave 
from the input strip line to an input point of the first 

side strip line; 

a plurality of inter-stage impedance elements 
which each are arranged between a pair of loop- 
shaped strip lines; 

an output strip line in which the microwave 
resonated in the loop-shaped strip line is transmit- 
ted; and 

an output impedance element for coupling the 
output strip line to the first side strip line of the 
loop-shaped strip line arranged in a final stage in 
' electromagnetic coupling to transfer the microwave 
from an output point of the first side strip line to the 
output strip line, the output point of the first side 
strip line being spaced 90 degrees in the electric 
length apart from the input point of the first side 
strip line in each of the loop-shaped strip lines. 

In the above configuration, the loop-shaped 
strip lines are arranged in series. Also, each of the 
loop-shaped strip lines functions as a filter and 
resonator in dual mode. Accordingly, the band-pass 
filter functions as a multistage filter in which the 
number of stages is twice as many as the number 
of loop-shaped strip lines. 

Also, the band-pass filter functions as a mul- 
tistage resonator in which a resonance width of the 
microwave can be adjusted. , 

The second object is achieved by the provision 
of a strip loop resonator in which microwave is 
resonated, comprising: 

a rectangle-shaped strip line having an electric 
length shorter than a wavelength of the microwave 
for resonating the microwave circulated therein in 
two difference directions according to a line imped- 
ance thereof, the rectangle-shaped strip line com- 
prising 

a pair of parallel coupling lines respectively 
having a wide width which are arranged in parallef 



capacitive coupling to change a characteristic im- 
pedance of the rectangle-shaped strip line, 

a first side strip line through which first side 
ends of the parallel lines are connected, the first 

5 side strip line having a narrow width narrower than 
the wide width of the parallel coupling lines, and 

a second side strip line through which second 
side ends of the parallel lines are connected, the 
second side strip line having another narrow width 

70 narrower than the wide width of the parallel cou- 
pling lines, 

an input strip line coupled to the rectangle- 
shaped strip line in electromagnetic coupling, the 
microwave being transferred from the input strip 
15 line to the rectangle-shaped strip line; and 

an output strip line coupled to the rectangle- 
shaped strip line in electromagnetic coupling, the 
microwave being transferred from the rectangle- 
shaped strip line to the output strip line. 
20 In the above configuration, a microwave having 

a specific wavelength is transferred from the input 
strip line to the rectangle-shaped strip line. An 
electric length of the rectangle-shaped strip line is 
shorter than the specific wavelength of the wave 
25 length. However, because the parallel coupling 
lines of the rectangle-shaped strip line is strongly 
coupled to each other, a resonance wavelength of 
the microwave is longer than the electric length of 
the rectangle-shaped strip line. Therefore, the mi- 
30 crowave having the specific wavelength is reso- 
nated in the rectangle-shaped strip line by adjust- 
ing the strength of the capacitive coupling between 
the parallel-coupling lines when the microwave is 
circulated In the clockwise and counterclockwise 

35 directions. 

During the resonance of the microwave, an 
unloaded quality factor Q becomes large because 
the parallel coupling lines of the rectangle-shaped 
strip line is strongly coupled to each other. There- 
40 fore, a resonance width of the microwave is nar- 
rowed. ~ 

Thereafter, the microwave resonated in the 
rectangle-shaped strip line is transferred to the 

output strip line. 
is Accordingly, because the microwave having 

the specific wavelength is circulated in the clock- 
wise and counterclockwise directions and is reso- 
nated, the strip loop resonator functions as a reso- 
nator and filter, 
so Also, because the unloaded quality factor Q 
becomes large, the resonance width of the micro- 
wave is narrowed. 

Also, because the microwave is resonated in 
the rectangle-shaped strip line even though the 
55 specific wavelength of the microwave is longer than 
the electric length of the rectangle-shaped strip 
line, the strip loop resonator can be minimized. 
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Also, because a r sonance frequency of the 
microwave depends on the strength of the capaci- 
tive coupling between the parallel coupling lines, 
the resonance frequency can be minutely adjusted 
by trimming the parallel coupling lines. 

Also, because the rectangle-shaped strip line is 
in rectangular shape, a large number of rectangle- 
shaped strip lines can be orderly arranged to form 
a multistage filter. Also, because the rectangle- 
shaped strip line is in rectangular shape, a pair of 
rectangle-shaped strip lines can be easily coupled 
to each other in capacitive or inductive coupling. 

Also, the second object is achieved by the 
provision of a strip loop resonator in which micro- 
wave is resonated, comprising: 

a loop-shaped strip line having an electric 
length shorter than a wavelength of the microwave 
to resonate the microwave circulated therein in two 
difference directions according to a line impedance 
thereof, the loop-shaped strip line comprising 

a pair of parallel coupling lines respectively 
haying a narrow width which are arranged in par- 
allel to each other and are coupled to each other in 
inductive coupling to change a characteristic im- 
pedance of the loop-shaped strip line, 

a first side strip line through which first side 
ends of the parallel likes are connected, the first 
side strip line having the narrow width, and 

a second side strip line through which second 
side ends of the parallel lines are connected, the 
second side strip line having the narrow width, 

an input strip line coupled to the loop-shaped 
strip line in electromagnetic coupling, the micro- 
wave being transferred from the input strip line to 
the loop-shaped strip line; and 

an output strip line coupled to the loop-shaped 
strip line in electromagnetic coupling, the micro- 
wave being transferred from the loop-shaped strip 
line to the output strip line. 

In the above configuration, a microwave having 
a specific wavelength is transferred from the input 
strip line to the loop-shaped strip line. An electric 
length of the loop-shaped strip line is shorter than 
the specific wavelength of the wave length. How- 
ever, because the parallel coupling lines of the 
loop-shaped strip line is strongly coupled to eich 
other in the inductive coupling, a resonance 
wavelength of the microwave is longer than the 
electric length of the loop-shaped strip line. There- 
fore, the microwave having the specific wavelength 
is resonated in the loop-shaped strip line by adjust- 
ing the strength of the inductive coupling between 
the parallel coupling lines when the microwave is 
circulated in the clockwise and counterclockwise 
directions. 

During the resonance of the microwave, an 
unloaded quality factor Q becomes large because 
the parallel coupling lines of the loop-shaped strip 



line is strongly coupled to each other. Therefore, a 
resonance width of the microwave is narrowed. 

Thereafter, the microwave resonated in the 
loop-shaped strip line is transferred to the output 
5 strip line. 

Accordingly, because the unloaded quality fac- 
tor Q becomes large, the resonance width of the 
microwave is narrowed. 

Also, because the microwave is resonated in 
10 the loop-shaped strip line even though the specific 
wavelength of the microwave is longer than the 
electric length of the loop-shaped strip line, the 
strip loop resonator can be minimized. 

Also, because a resonance frequency of the 
76 microwave depends on the strength of the capaci- 
tive coupling between the parallel coupling lines, 
the resonance frequency can be minutely adjusted 
by trimming the parallel coupling lines. 

Also, the second object is achieved by the 
20 provision of a band-pass filter for filtering micro- 
wave, comprising: 

a plurality of rectangle-shaped strip lines coup- 
led in series which each comprise a pair of parallel 
coupling lines respectively having a wide width 
25 which are arranged in parallel to each other and 
are coupled to each other in capacitive coupling to 
change a characteristic impedance of the 
rectangle-shaped strip line, a first side strip line 
having a narrow width through which first side ends 
30 of the parallel lines are connected, and a second 
side strip line having another narrow width through 
which second side ends of the parallel lines are 
connected, each of the rectangle-shaped strip lines 
having an electric length shorter than a wavelength 
35 - . of the microwave to resonate the microwave cir- 
culated therein in two difference directions accord- 
ing to a line impedance thereof; 

an input strip line coupled to the rectangle- 
shaped strip line in a first stage, the microwave 
40 being transferred from the input strip line to the 
rectangle-shaped strip line in the first stage; and 

- an output strip line coupled to the rectangle- 
shaped strip line in a final stage, the microwave 
being transferred from the rectangle-shaped strip 
45 line in the final stage to the output strip line. 

In the above configuration, the rectangle- 
shaped strip lines are coupled in series. Also, the 
rectangle-shaped strip lines can be closely ar- 
ranged. Accordingly, a large number of rectangle- 
50 shaped "strip lines can be easily coupled irv the 
capacitive or inductive coupling. 

In addition, the microwave having a specific 
wavelength is resonated even though the specific 
wavelength of the microwave is longer than the 
55 electric length of ach of the rectangle-shaped strip 
lines. Accordingly, the band-pass filter can be mini- 
mized 



21 



EP 0 571 777 A1 



22 



BRIEF DESCRIPTION OF THE DRAWINGS 

The objects, features and advantages of the 
present invention will be apparent from the follow- 
ing description taken in conjunction with the ac- 5 
companying drawings, in which: 

Fig. 1A is a plan view of a conventional one- 
wave length type of strip ring resonator in which 
no open end is provided; 

Ftg. 1B is a sectional view taken generally along 10 
the line M of Fig. 1A; 

Fig. 2 is a plan view of a conventional strip dual 
mode ring resonator functioning as a two-stage 
filter; 

Fig. 3A is a plan view of a strip dual mode loop 75 
resonator according to a first embodiment of a 
first concept; 

Fig. 3B is a sectional view taken generally along 
the line Ill-Ill of Fig. 3A according to the first 
embodiment; 20 
Fig. 3C is a sectional view taken generally along 
the line Ill-Ill of Fig. 3A according to a modifica- 
tion of the first concept; 

Fig. 4 shows frequency characteristics of the 
microwaves filtered in the strip dual mode loop 25 
resonator shown in Fig. 3; 
Fig. 5 is a plan view of a strip dual mode loop 
resonator according to a second embodiment of 
the first concept; 

Fig. 6 is a plan view of a strip dual mode loop 30 
resonator according to a third embodiment of 
the first concept; 

Fig. 7 shows frequency characteristics of the 
microwaves resonated in the strip dual mode 
loop resonator shown in Fig. 6; 35 
Fig. 8 is a plan view of a band-pass filter in 
which two strip dual mode loop resonators 
shown in Fig. 3 are arranged in series according 
to a fourth embodiment of the first concept; 
Fig. 9 is a plan view of a strip dual mode loop 40 
resonator according to. a first embodiment of a 
second concept; 

Fig. 1 0A is a sectional view taken generally 
along the line X-X of Fig. 9; 

Fig. 1 0B is a sectional view taken generally 4$ 
along the line X-X of Fig. 9 according to a 
modification of the second concept; 
Fig. 11 is a plan view of a strip dual mode loop 
resonator according to a second embodiment of 
the second concept; 50 
Fig. 12 is a plan view of a strip dual mode loop 
resonator according to a third embodiment of 
the second concept; 

Fig. 13 is. a plan view of a strip dual mode loop 
resonator according to a fourth embodiment of 55 
the second concept; 

Fig. 14 is a plan view of a band-pass filter in 



shown in Fig. 9 are arranged in series according 
to a fifth embodiment of the second concept; 
Fig. 15 is a plan view of a strip dual mode loop 
resonator according to a first embodiment of the 
third concept; 

Fig. 16 is a plan view of a strip dual mode loop 
resonator according to a second embodiment of 
the third concept; 

Fig. 17 is a plan view of a band-pass filter in 
which four strip dual mode loop resonators 
shown in Rg. 16 are arranged in series accord- 
ing to a third embodiment of the third concept; 
Rg. 18 is a plan view of a strip dual mode loop 
resonator according to a first embodiment of a 
fourth concept; 

Fig. 19 is a plan view of a strip dual mode loop 
resonator according to a second embodiment of 
the fourth concept; 

Fig. 20 is a plan view of a strip dual mode loop 
resonator according to a third embodiment of 
the fourth concept; 

Rg. 21 is a plan view of a strip dual mode loop 
resonator according to a fourth embodiment of 
the fourth concept; 

Rg. 22 is a plan view of a strip dual mode loop 
resonator according to a fifth embodiment of the 
fourth concept; 

Fig. 23 is a plan view of a strip dual mode loop 
resonator according to a sixth embodiment of 
the fourth concept; 

Rg, 24 is a plan view of a band-pass filter in 
which two microwave resonators shown in Fig. 
18 are arranged in series according to a seventh 
embodiment of the fourth concept; and 
Rg. 25 is a plan view of a band-pass filter in 
which two microwave resonators shown in Rg. 
18 are arranged in series according to an eighth 
embodiment of the fourth concept. 

DETAIL DESCRIPTION OF THE PREF ERRED EM- 
BODIMENTS ~~ " 

Preferred embodiments of a strip dual mode 
loop resonator and a band-pass filter composed of 
the resonators according to the present invention 
are described with reference to drawings. 

Fig. 3A is a plan view of a strip dual mode loop 
resonator according to a first embodiment of a first 
concept. Rg. 3B is a sectional view taken generally 
along the line Ill-Ill of Fig. 3A. 

As shown in Rg. 3A, a strip dual mode loop 
resonator 31 comprises an input strip line 32 in 
which microwaves are transmitted, a loop-shaped 
strip line 33 having a uniform line impedance in 
which the microwaves transferred from the input 
strip line 32 are resonated, an output strip line 34 
to which the microwaves resonated in the loop- 



23 



EP 0 571 777 A1 



24 



pling capacitor 35 for coupling the input strip line 

32 to the loop-shaped strip line 33 in capacitive 
coupling to transfer the microwaves from the input 
strip line 32 to the loop-shaped strip line 33, and 
an output coupling capacitor 36 for coupling the 
loop-shaped strip line 33 to the output strip line 34 
in capacitive coupling to transfer the microwaves 
from the loop-shaped strip line 33 to the output 
strip line 34. 

As shown in Rg. 3B, the loop-shaped strip line 

33 comprises a strip conductive plate 37, a dielec- 
tric substrate 38 having a relative dielectric con- 
stant € r and surrounding the strip conductive plate 
37, and a pair of conductive substrates 39a, 39b 
sandwiching the dielectric substrate 38. Therefore, 
when the microwaves transmit through the loop- 
shaped strip line 33, electromagnetic field is in- 
duced in the dielectric substrate 38 between the 
strip conductive plate 37 and the conductive sub- 
strates 39a, 39b. That is, the loop-shaped strip line 
33 is formed of a balanced strip line. 

Also, the input and output strip lines 32, 34 are 
composed of the strip conductive plate 37, the 
dielectric substrate 38, and the conductive sub- 
strates 39a, 39b in the same manner as the loop- 
shaped strip line 33. 

The first concept is not limited to the balanced 
strip line. That is, it is allowed that the input and 
output strip lines 32, 34 and the loop-shaped strip 
line 33 be respectively formed of a microstrip line 
shown in Rg. 3C. As shown in Rg. 3C, each of the 
strip lines 32, 33, and 34 comprises a strip conduc- 
tive plate 37m, a dielectric substrate 38m mounting 
the strip -conductive plate 37m, and a conductive 
substrate 39m mounting the dielectric substrate 
38m. 

An electric length of the loop-shaped strip line 
33 is equivalent to a resonance wavelength Xo, and 
the electric length of the loop-shaped strip line 33 
is determined by correcting a physical line length 
of the loop-shaped strip line 33 with the relative 
dielectric constant « r of the dielectric substrate 38. 
In this specification, the length of the loop-shaped 
strip line 33 equivalent to the resonance 
wavelength X c is called 360 degrees in the electric 
length for convenience because the microwaves 
are resonated in the strip, line 33 in cases where 
the microwaves have a resonance angular frequen- 
cy « 0 relating to the resonance wavelength Xo. 

The loop-shaped strip line 33 has a pair of 
straight strip lines 33a, 33b arranged in parallel to 
each other. Also, a width of the loop-shaped strip 
line 33 is W, and a height of the loop-shaped strip 
line 33 is H. The straight strip lines 33a, 33b are 
spaced a distance S apart from each other. There- 
fore, the straight strip lines 33a, 33b are coupled to 
each other in electromagnetic coupling according 
to a relative width W/H and a relative distance S/H. 



In other words, first electromagnetic field induced 
by the .microwaves transmitting through the straight 
strip line 33a and second electromagnetic field 
induced by the microwaves transmitting through 

5 the straight strip line 33b exert influence on each 
other. Accordingly, a characteristic impedance of 
the loop-shaped strip line 33 differs from that of a 
ring-shaped strip line in which no straight strip lines 
arranged in parallel to each other are provided. 

to The input and output coupling capacitors 35, 

36 are respectively formed of a plate capacitor 
having a lumped capacitance Cc. One end of the 
input coupling capacitor 35 is connected to an 
input point A of the straight strip line 33a ( and one 

75 end of the output coupling capacitor 36 is con- 
nected to an output point B of the straight strip line 
33b. The output point B is spaced 90 degrees (or a 
quarter-wave length of the microwaves) in the elec- 
tric length apart from the input point A, and the 

20 input and output points A, B are symmetrically 
arranged each other with respect to a middle line 
M positioned between the straight strip lines 33a, 
33b. 

In the above configuration, when microwaves 
25 having various wavelengths around the resonance 
wavelength X 0 are transmitted in the input strip line 
32, electric field is strongly and locally induced in 
the the loop-shaped strip line 33 adjacent to the 
input strip line 32 because lumped electric field is 
30 induced in the input coupling capacitor 35 by the 
microwaves. Therefore, the microwaves in the input 
strip line 32 are transferred to the strip line 33. 

Thereafter, to diffuse the electric field locally 
induced in the loop-shaped strip line 33, the micro- 
35 waves transmit through the strip line 33 in clock- 
wise and counterclockwise directions in the strip 
line 33 having the uniform line impedance. In this 
case, because the straight strip lines 33a, 33b of 
the strip line 33 are coupled to each other in the 
40 electromagnetic coupling, a part of the microwaves 
are reflected in the straight strip lines 33a, 33b to 
produce reflected waves. The reflected waves are 
circulated in the strip line 33 in the clockwise and 
counterclockwise directions. In cases where the 
45 wavelength of the microwaves agrees with the res- 
onance wavelength X 0 , the microwaves are reso- 
nated in the strip line 33 according to the char- 
acteristic impedance of the strip line 33. The char- 
acteristic impedance of the strip line 33 is deter- 
so mined according to the uniform line impedance of 
the strip line 33 and the lectromagnetic coupling 
between the straight strip lines 33a, 33b of the strip 
line 33. In contrast, in cases where the wavelength 
of the microwaves do s not agree with the reso- 
55 nance wav length X 0l the microwaves are disap- 
peared in the strip line 33. The resonance 
wavelength X 0 is intrinsically determined according 
to the electric length of the strip line 33. 
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In this case, a resonance width (or a full width 
at half maximum) of the microwaves resonated in 
the strip line 33 is adjusted by changing the inten- 
sity of the electromagnetic coupling between the 
straight strip lines 33a. 33b. The intensity of the 
electromagnetic coupling depends on the relative 
dielectric constant * r of the dielectric substrate 38, 
the relative width W/H. and the relative distance 
S/H. 

Thereafter, intensity of the electric field in the 
loop-shaped strip line 33 adjacent to the output 
strip line 34 is maximized by the reflected waves. 
Therefore, the microwaves in the strip line 33 is 
transferred to the output strip line 34 because the 
strip line 33 is coupled to the output strip line 34 
according to the capacitive coupling. 

Accordingly, because the microwaves are reso- 
nated in the strip line 33 on condition that the 
wavelength of the microwaves agrees with the res- 
onance wavelength X Q , the strip dual mode loop 
resonator 31 functions as a resonator and filter. 

Also, the microwaves transferred from the input 
strip line 32 are initially transmitted in the loop- 
shaped strip line 33 as non-reflected waves, and 
the microwaves are again transmitted in the loop- 
shaped strip line 33 as the reflected waves shifting 
by 90 degrees as compared with the non-reflected 
waves. In other words, two orthogonal modes 
formed of the non-reflected waves and the re- 
flected waves independently coexist in the strip 
dual mode loop resonator 31. Therefore, the strip 
dual mode loop resonator 31 functions as a two- 
stage filter in the same manner as the conventional 
strip dual rpode ring resonator 21. 

Next, frequency characteristics of the micro- 
waves filtered in the strip line 33 are described to 
show a relationship between the resonance width of 
the microwaves resonated in the strip line 33 and 
the relative distance S/H. 

Fig. 4 shows frequency characteristics of the 
microwaves filtered in §ie strip dual mode loop 
resonator 31 shown in Fig. 3. 

As shown in Fig. 4, the intensity of lhe micro- 
waves filtered in the strip dual mode loop resonator 
31 is varied according to a frequency F(GHz) of th$ 
microwaves. Also, the resonance width A«o of the 
microwaves is varied depending on the shape of 
the strip dual mode loop resonator 31 and the 
relative dielectric constant e r of the dielectric sub- 
strate 38. The shape is specified by the relative 
distance S/H and the relative width W/H. 

In cases where the relative dielectric constant 
«,= 10 and the relative width W/H - 1.0 are satisfied, 
a central frequency « Q (or a resonanc fr quency 
« 0 relating to the resonance wave length X 0 ) of the 
microwaves is fixed to 2 GHz. Also, the resonance 
width Aw of the microwaves is narrowed in propor- 
tion ac th« r#als*ti\/A Hi«:tsmr*A ft/M i« inrr-Dac^H 



For example, a relative band width Ao>/o) 0 de- 
fined by a ratio of the resonance width Aw to the 
central frequency « 0 ranges from 0.02 to 0.1 when 
the relative distance S/H is changed from S/H = 5 to 

5 S/H = 1. 

Accordingly, the resonance width Aw of the 
microwaves can be suitably adjusted by changing 
the shape of the strip dual mode loop resonator 31 
specified by the relative distance S/H and the rela- 
io tive width W/H. 

Next, a second embodiment of the first con- 
cept according to the present invention is de- 
scribed. 

Fig. 5 is a plan view of a strip dual mode loop 
75 resonator according to a second embodiment of 
the first concept. 

As shown Ja Fig. 5, a strip dual mode loop 
resonator 51 comprises the input strip line 32, a 
rectangle-shaped strip line 52 in which the micro- 
20 waves transferred from the input strip line 32 are 
resonated, the output strip line 34, the input cou- 
pling capacitor 35, and the output coupling capaci- 
tor 36. 

Parts of four corners in the rectangle-shaped 
25 strip line 52 are cut off. Therefore, each of the four 
corners cut off functions as a parallel capacitor, a 
uniform line, or a series inductor, depending on the 
shape of the four corners cut off. 

In the above configuration, the microwaves are 
30 resonated and filtered in the strip dual mode loop 
resonator 51 in the same manner as the strip dual 
mode loop resonator 31 shown in Fig. 3. 

Accordingly, the resonance width of the micro- 
waves resonated can be adjusted by changing the 
35 shape of the four corners. 

Next, a third embodiment of the first concept 
according to the present invention is described. 

Fig. 6 is a plan view of a strip dual mode loop 
resonator according to a third embodiment of the 
40 first concept. 

As shown in Fig. 6, a strip dual mode loop 
resonator 61 comprises the input strip line 32, the 
loop-shaped strip line 33 having the straight strip 
lines 33a, 33b, the output strip line 34, the input 
45 coupling capacitor 35, the output coupling capaci- 
tor 36, and a feed-back capacitor 62 for changing a 
characteristic impedance of the loop-shaped strip 
line 33. 

The feed-back capacitor 62 has a lumped ca- 
50 pacitance Cw. One end of the feed-back capacitor 
62 is connected to the straight strip line 33a at a 
first connecting point C, and another end of the 
feed-back capacitor 62 is connected to the straight 
strip line 33b at a second connecting point D. The 
55 connecting point C is spaced 90 degrees (or a 
quarter-wave length of the microwaves) in the elec- 
tric length apart from the input point A at which the 
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straight strip tine 33a. Also, the connecting point D 
is spaced 90 degrees in the electric length apart 
from the output point B at which the output cou- 
pling capacitor 36 is connected to the straight strip 
line 33b. 

In the above configuration, microwaves having 
various wavelengths around the resonance 
wavelength Xo are transferred to the strip line 33 in 
the same manner as in the resonator 31 shown in 
Fig. 3. 

Thereafter, to diffuse the electric field locally 
induced in the loop-shaped strip line 33, the micro- 
waves transmit through the strip line 33 in the 
clockwise and counterclockwise directions in the 
strip line 33 having the uniform line impedance. In 
this case, because the, straight strip lines 33a, 33b 
of the strip line 33 are coupled to each other in the 
electromagnetic coupling, a part of the microwaves 
are reflected in the straight strip lines 33a, 33b to 
produce reflected waves. The reflected waves are 
circulated in loop-shaped the strip line 33 in the 
clockwise and counterclockwise directions. 

Also, intensity of electric field in the loop- 
shaped strip line 33 is maximized at the connecting 
point D by the remaining part of microwaves not 
reflected in the straight strip lines 33a, 33b be- 
cause the connecting point D is spaced 180 de- 
grees (or a half-wave length of the microwaves) in 
the electric length apart from the input point A. 
Therefore, the intensity of the electric field at the 
connecting point C is maximized because the con- 
necting points C, D are connected with each other 
through the feed-back capacitor 62. j\s a resuit, 
feed-back waves are generated at the connecting 
point C. The feed-back waves are circulated in the 
loop-shaped strip line 33 in the clockwise and 
counterclockwise directions. In cases where the 
wavelength of the microwaves agrees with the res- 
onance wavelength Xo, the microwaves formed of 
the reflected waves and the feed-back waves are 
resonated in the strip line 33 according to the 
characteristic impedance of the strip line 33. The 
characteristic impedance of the strip line 33 is 
determined according to the uniform line imped- 
ance of the strip line 33, the electromagnetic cou- 
pling between the straight strip lines 33a, 33b* of 
the strip line 33, and the lumped capacitance Ciw of 
the* feed-back capacitor 62. In contrast, in cases 
where the wavelength of the microwaves does not 
agree with the resonance wavelength Xo, the micro- 
waves are disappeared in the strip line 33. 

In this case, a resonance width (or a full width 
at half maximum) of the microwaves resonated in 
the strip line 33 is adjusted by changing the inten- 
sity of the lectromagnetic coupling betw en the 
straight strip line 33a, 33b or the lumped capaci- 
tance Cw of the feed-back capacitor 62. The inten- 
sity of the electromagnetic coupling depends on 



the relative dielectric constant * r of the dielectric 
substrate 38, the relative width W/H, and the rela- 
tive distance S/H. 

Thereafter, intensity of the electric field in the 
5 loop-shaped strip line 33 adjacent to the output 
strip line 34 is maximized by the reflected waves. 
Also, intensity of electric field in the loop-shaped 
strip line 33 adjacent to the output strip line 34 is 
maximized by the feed-back waves because the 

70 output point B is spaced 180 degrees in the elec- 
tric length apart from the connecting point C. 

Therefore, the microwaves in the strip line 33 
are transferred to the output strip line 34 because 
the strip line 33 are coupled to the output strip line 

75 34 in the capacitive coupling. 

Accordingly, even though the relative width 
W/H and the relative distance S/H of the strip dual 
mode loop resonator 61 are fixed, the resonance 
width Aw can be adjusted by changing the lumped 

20 capacitance Cw of the feed-back capacitor 62. 

Next, frequency characteristics of the micro- 
waves resonated in the strip dual mode loop reso- 
nator 61 is described. 

Fig. 7 shows frequency characteristics of the 

25 microwaves resonated in the strip dual mode loop 
resonator 61 shown in Fig. 6. 

As shown jn Fig. 7, the intensity of the micro- 
waves resonated in the-strip dual mode loop reso- 
nator 61 is varied according to a frequency F(GHz) 

30 of the microwaves. That is, in cases where the 
relative dielectric constant e r =10, the relative width 
W/H = 1.0, and the relative distance S/H = 1 are 
satisfied, a central frequency w 0 (or a resonance 
frequency relating to the resonance wavelength X Q ) 

35 of the microwaves is 2 GHz. Also, the resonance 
width Aw of the microwaves in the strip dual mode 
■ loop resonator 61 is narrowed as compared with in 
the strip dual mode loop resonator 31 because the 
microwaves are transferred from the loop-shaped 

40 strip line 33 to the output strip line 34 by the action 
of the feed-back capacitor 62. 

Also, the . resonance width Aw of the micro- 
waves is narrowed in case of the relative distance 
S/H = 3 (not shown) and in case of the relative 

45 distance S/H = 5 (not shown) as compared with in 
the strip dual mode loop resonator 31. 

Also, the resonance width Aw of the micro- 
waves is widened by changing the lumped capaci- 
tance Cw of the feed-back capacitor 62. 

so Accordingly, the resonance width Aw of the 
microwaves can be suitably adjusted by adding th 
feed-back capacitor 62. 

Next, a fourth embodiment of the first concept 
according to the present invention is d scribed. 

55 Fig. 8 is a plan view of a band-pass filter in 

which two strip dual mode loop resonators 31 
shown in Fig. 3 are arranged in series according to 
a fourth embodiment of the first concept. 
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As shown in Fig. 8, a band-pass filter 81 ac- 
cording to the fifth embodiment comprises the in- 
put strip line 32, the input coupling capacity 35, the 
loop-shaped strip line 33 arranged in a first-stage, 
an inter-stage coupling capacitor 82 to which mi- 
crowaves are transferred from the first-stage loop- 
shaped strip line 33, an inter-stage strip line 83, an 
inter-stage coupling capacitor 84 to which the mi- 
crowaves are transferred from the capacitor 82 
through the strip line 83, the loop-shaped strip line 
33 arranged in a second-stage, the output coupling 
capacitor 36, and the output strip line 34. 

In the above configuration, each of the loop- 
shaped strip lines 33 functions as a resonator and 
filter in the dual modes, and the loop-shaped strip 
lines 33 are arranged in series. Therefore, the 
band-pass filter 81 functions as a four-stage filter. 

Accordingly, because a central hollow portion 
of each of the resonators 33 is minimized, and 
because the central hollow portion is efficiently 
utilized to couple the straight strip lines 33a, 33b, 
an area occupied by the filter 81 can be minimized. 

In the fourth embodiment, two resonators 31 
according to the first embodiment are substantially 
arranged in series to manufacture the filter 81. 
However, the number of the resonators 31 is not 
limited to two. Also, it is preferred that a plurality of 
resonators 51 or 61 be arranged in series to manu- 
facture a band-pass filter. Also, it is preferred that 
various types of resonators selected from the 
'group consisting of the resonators 31, 51, and 61 
be combined. 

Also, it is preferred that the filter 81 comprise a 
multilayer type of resonators in which a plurality of 
resonators 31 ,' 51 , or 61 are arranged in a tri-plate 
structure. 

In the first to fourth embodiment of the first 
concept, the strip lines (or balanced strip lines) are 
utilized to manufacture the resonators 31, 51, and 
61 and the filter 81. However, it is preferred that 
microstrip lines generally utilized be utilized to 
manufacture the resonators 31, 51, and 61, and the 
filter 81. 

Next, a first embodiment of a second concept 
according to the present invention is described. s 

Fig. 9 is a plan view of a strip dual mode loop 
resonator according to a first embodiment of a 
second concept. Fig. 1 0A is a sectional view taken 
generally along the line X-X of Fig. 9. 

As shown in Fig. 9, a strip dual mode loop 
resonator 91 comprises an input strip line 92 in 
which microwaves are transmitted, a loop-shaped 
strip line 93 having a uniform line impedance in 
which the microwaves transferred from the input 
strip line 92 are resonated, an output Strip line 94 
to which the microwaves resonated in the loop- 
shaped strip line 93 are transferred, an input cou- 

QC ~rs,**\\r\ei IKo inrMtt ctrio lino 



92 to the loop-shaped strip line 93 in capacitive 
coupling to transfer the microwaves transmitted in 
the input strip line 92 to the loop-shaped strip line 
93, an output coupling capacitor 96 for coupling the 

5 loop-shaped strip line 93 to the output strip line 94 
in capacitive coupling to transfer the microwaves 
resonated in the loop-shaped strip line 93 to the 
output strip line 94, a line-to-line coupling capacitor 
97 having a lumped capacitance Cw for changing a 

w characteristic impedance of the loop-shaped strip 
line 93, and a variable capacitor 98 having a vari- 
able lumped capacitance Cf for changing the char- 
acteristic impedance of the loop-shaped strip line 

93 in cooperation with the iine-to-line coupling ca- 
ts pacitor 97. 

As shown in Fig. 10A, the loop-shaped strip 
line 93 comprises a strip conductive plate 101, a 
dielectric substrate 102 having a relative dielectric 
constant « r and surrounding the strip conductive 

20 plate 101, and a pair of conductive substrates 
103a, 103b sandwiching the dielectric substrate 
102. Therefore, when the microwaves transmit 
through the loop-shaped strip line 93, electromag- 
netic field is induced in the dielectric substrate 102 

25 between the strip conductive plate 101 and the 
conductive substrates 103a, 103b. That is. the 
loop-shaped strip line 93 is formed of a balanced 
strip line. 

Also, the input and output strip lines 92, 94 are 
30 composed of the strip conductive plate 101, the 
dielectric substrate 102, and the conductive sub- 
strates 103a, 103b, in the same manner as the 
loop-shaped strip line 93. 
. The second concept is not limited to the bal- 
35 anced strip line. That is, it is allowed that the input 
and output strip lines 92, 94 and the loop-shaped 
strip line 93 be respectively formed of a microstrip 
line shown in Fig. 10B. As shown in Fig. 10B, each 
of the strip lines 92, 93, arid 94 comprises a strip 
40 conductive plate 101m, a dielectric substrate 102m 
mounting the strip conductive plate 101m, and a 
conductive substrate 103m mounting the dielectric 
substrate 102m. 

An electric length of the loop-shaped strip line 
45 93 depends on the relative dielectric constant c r pf 
the dielectric substrate 102, and the electric length 
of the strip line 93 is equivalent to a resonance 
wavelength X D . Therefore, the length of the strip 
line 93 is 360 degrees in the electric length, 
so The loop-shaped strip line 93 has a pair of 
straight strip lines 93a, 93b arranged in parallel to 
each other. Therefore, the straight strip lines 93a, 
93b are coupled to each other in electromagnetic 
coupling. In other words, first electromagn tic field 
55 induced by the microwaves transmitting through 
the straight strip line 93a and second electromag- 
netic field induced by the microwaves transmitting 
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on each other, in the same manner as in the strip 
dual mode loop resonator 31 shown in Fig. 3. 

The input and output coupling capacitors 95 f 
96 are respectively formed of a plate capacitor 
having a lumped capacitance Cc. One end of the 5 
input coupling capacitor 95 is connected to an 
input point A of the straight strip line 93a, and one 
end of the output coupling capacitor 96 is con- 
nected to an output point B of the straight strip line 
93b. The output point B is spaced 90 degrees (or a 10 
quarter-wave length of the microwaves) in the elec- 
tric length apart from the input point A, and the 
input and output points A, B are symmetrically 
arranged each other with respect to a middle line 
M positioned between the straight strip lines 93a 75 
93b. 

The line-to-line coupling capacitor 97 is formed 
of a plate capacitor or a chip capacitor, and the 
variable capacitor 98 is formed of a plate capacitor. 
Both ends of the capacitor 97 are connected to the 20 
straight lines 93a. 93b at connecting points C, D 
which are spaced 01 degrees apart from the input 
and output points A, B. The degree 01 ranges up 
to 135 degrees (or a 3/8-wave length of the micro- 
waves) in the electric length. One end of the ca- 25 
pacitor 98 is connected to the strip line 93 at a 
connecting point E which is positioned at equal 
intervals (or 135 degrees in the electric length) 
from the input and output points A, B, and another 
end of the capacitor 98 is grounded. The variable 30 
lumped capacitance Cf of the variable capacitor 98 
can be minutely adjusted by cutting plates of the 
variable capacitor 98 after the strip dual mode loop 
resonator 91 is manufactured. 

In the above configuration, when microwaves 35 
having various wavelengths around the resonance 
wavelength X<> are transmitted in the input strip line 
92, electric field is strongly and locally induced in 
the straight strip line 93a adjacent to the input strip 
line 92 because lumped electric field is induced in 40 
the capacitor 95 by the microwaves. Therefore, the 
microwaves in the input strip line 92 are transferred 
to the strip line 93. 

Thereafter, to diffuse the electric field locally 
induced in the loop-shaped strip line 93, the micro- 45 
wavfes transmit through the strip line 93 in cloik- 
wise and counterclockwise directions in the strip 
line 93 having the uniform line impedance. In this 
case, because the straight strip lines 93a, 93b of 
the strip line 93 are coupled to each other in the so 
electromagnetic coupling, a part of the microwaves 
are reflected in the straight strip lines 93a, 93b to 
produce reflected waves. The reflected waves are 
circulated in the strip line 93 in th clockwise and 
counterclockwise directions. 55 

In cases where the wavelength of the micro- 
waves agrees with the resonance wavelength X 0 , 
the microwaves ares resonated in the strip line 93 



according to the characteristic impedance of the 
strip line 93. The characteristic impedance of the 
strip line 93 is determined according to the uniform 
line impedance of the strip line 93, the electromag- 
netic coupling between the straight strip lines 93a, 
93b, the lumped capacitance Cw of the line-to-line 
capacitor 97, and the lumped capacitance Cf of the 
variable capacitor 98. In other words, a remaining 
part of the microwaves not reflected in the straight 
strip lines 93a, 93b are reflected by the the variable 
capacitor 98, or the phase of the remaining part of 
the microwaves are varied by the line-to-iine ca- 
pacitor 97. In contrast, in cases where the 
wavelength of the microwaves does not agree with 
the resonance wavelength X 0 , the microwaves are 
disappeared in the strip line 93. 

In this case, a central frequency <o Q (or a reso- 
nance frequency relating to the resonance 
wavelength) of the microwaves resonated in the 
strip line 93 is adjusted by changing the lumped 
capacitance Cw of the line-to-line capacitor 97 and 
the lumped capacitance Cf of the variable capacitor 
98. Also, a resonance width of the resonated micro- 
waves is adjusted by changing either the lumped 
capacitance Cw of the line-to-line capacitor 97 or 
the lumped capacitance Cf of the variable capacitor 
98. 

Thereafter, intensity of the electric field in the 
loop-shaped strip line 93 adjacent to the output 
strip line 94 is maximized by the reflected waves. 
Therefore, the microwaves in the strip line 93 are 
transferred to the output strip line 94 because the 
strip line 93 are coupled to the output strip line 94 
according to the capacitive coupling. 

Accordingly, because the microwaves are reso- 
nated in the strip line 93 on condition that the 
wavelength of the microwaves agrees with the res- 
onance wavelength Xo, the strip dual mode loop 
resonator 91 functions as a resonator and filter. 

Also, the microwaves transferred from the input 
strip line 92 are initially transmitted in the strip line 
93 as non-reflected waves, and the microwaves are 
again transmitted in the strip line 93 as the re- 
flected waves shifting by 90 degrees as compared 
with the non-reflected waves. In other words, two 
orthogonal modes formed of the non-reflected 
waves and the reflected waves independently co- 
exist in the strip dual mode loop resonator 91. 
Therefore, the strip dual mode loop resonator 91 
functions as a two-stage filter in the same manner 
as the conv ntional strip dual mode ring resonator 
21. 

Also, the central frequency of the resonated 
microwaves can be adjusted by changing the lum- 
ped capacitanc Cw of the line-to-line capacitor 97 
and the lumped capacitance Cf of the variable 
capacitor 98. Moreover, the central frequency of 
the resonated microwaves can be minutely ad- 
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justed by changing the lumped capacitance Cf of 
the variable capacitor 98 after the strip dual mode 
loop resonator 91 is manufactured. 

Also, because the resonance width of the reso- 
nated microwaves can be adjusted by changing a 
either the lumped capacitance Cw of the line-to-line 
capacitor 97 or the lumped capacitance Cf of the 
variable capacitor 98, the resonance width can be 
enlarged. 

Also, even though the straight strip lines 93a, w 
93b are connected to each other through a lumped 
capacitor such as the line-to-line coupling capacitor 
97 having the lumped capacitance Cw, the char- 
acteristic impedance of the strip line 93 can be 
changed, 16 

Also, even though the input and output strip 
lines 92, 94 are coupled to the strip line 93 in the 
capacitive coupling through impedance elements 
such as the input and output coupling capacitors 
95, 96 respectively having a lumped impedance, 20 
the microwaves can be transferred between the 
strip line 93 and the input and output strip lines 92, 
94. 

In addition, because the central frequency and 
the resonance width of the resonated microwaves 25 
can be adjusted after the resonator 91 is manufac- 
tured, a yield rate of the resonator 91 can be 
increased. 

Next, a second embodiment of the second 
concept according to the present invention is de- 30 
scribed. 

Fig. 11 is a plan view of a strip dual mode loop 
resonator according to a second embodiment of 
the second concept. 7 

As shown in Rg. 11, a strip dual mode loop 35 
resonator 111 comprises an input strip line 112 in 
which microwaves are transmitted, a loop-shaped 
strip line 113 having a uniform line impedance in 
which the microwaves transferred from the input 
strip line 112 are resonated, an output strip line ao 
114 in which the microwaves resonated in the loop- 
shaped strip line 113 are transmitted, an input gap 
capacitor 115 having a distributed capacitance Cc 
for coupling the input strip line 112 to the loop- 
shaped strip line 113 in capacitive coupling, an 45 
output gap capacitor 116 having the distributed 
capacitance Cc for coupling the loop-shaped strip 
line 113 to the output strip line 114 in capacitive 
coupling, a line-to-line gap capacitor 117 having a 
distributed capacitance Cw for changing a char- 50 
acteristic impedance of the loop-shaped strip line 
113, and an open end stub 118 for changing the 
characteristic impedance of the loop-shaped strip 
line 113 in cooperation with the line-to-line gap 
capacitor 117. 55 

The electric length of the loop-shaped strip line 
113 agrees with a resonance wavelength X^, and 



strip lines 113a, 113b arranged in parallel to each 
other. Therefore, the straight strip lines 113a, 113b 
are coupled to each other in electromagnetic cou- 
pling in the same manner as the straight strip lines 
93a, 93b. In addition, projecting portions 113c, 
113d facing to each other inwardly extend from the 
straight strip lines 113a, 113b to form the line-to- 
line gap capacitor 117. Because the distance be- 
tween the projecting portions 113c, 113d is nar- 
rower than that between the straight strip lines 
113a, 113b, the projecting portions 113c, 113d are 
strongly coupled to each other according to the 
capacitive coupling. 

The input gap capacitor 115 is formed by ap- 
proaching the input strip line 112 to the straight 
strip line 113a. 

The output gap capacitor 116 is formed by 
approaching the output strip line 114 to the straight 
strip line 113b. 

A coupling portion A of the straight strip line 
113a adjacent to the input strip line 113 is spaced 
90 degrees in the electric length apart from a 
coupling portion B of the straight strip line 113b 
adjacent to the output strip line 114. The input and 
output strip lines 112, 114 are symmetrically ar- 
ranged each other with respect to a middle line M 
positioned between the straight strip lines 113a, 
113b. 

The open end stub 118 is arranged at equal 
intervals (or 135 degrees in the electric length) 
from the coupling portions A, B of the straight strip 
lines 113a, 113b. 

In the above configuration, microwaves, having 
various wavelengths _ around ~ the resonance 
wavelength X<, are transferred from the input strip 
line 112 to the loop-shaped strip line 113 because 
the input strip line 112 is coupled to the strip line 
113 by the action of the gap capacitor 115. In the 
strip line 113, the microwaves are reflected in the 
straight strip lines 113a, 113b, the projecting por- 
tions 113c, 11 3d, and the open end stub 118 to 
produce reflected waves. Therefore, the character- 
istic impedance of the strip line 113 is determined 
according to the uniform line impedance of the 
strip line 113, the electromagnetic coupling be- 
tween the straight strip lines 1 1 3a, 11 3b, the dis- 
tributed gap capacitance Cw of the line-to-line gap 
capacitor 117, and a length of the open end stub 
118 outwardly extending. 

Thereafter, the reflected waves are circulated 
in the loop-shaped strip line 113. In cases where 
the wavelength of the microwaves agrees with the 
electric length of the strip line 113, the reflected 
waves are resonated in the strip line 113. In con- 
trast, in cases where the wavelength of the micro- 
waves does not agree with the electric length of the 
strip line 113, the reflected waves are disappeared 
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In this case, the intensity of the microwaves 
reflected in the open end stub 118 is varied by 
trimming the open end stub 118. Also, the intensity 
of the microwaves reflected in the line-to-line gap 
capacitor 117 depends on both a gap distance s 
between the projecting portions 113c, 113d and a 
gap width of the projecting portions 113c, 113d. 

Thereafter, intensity of electric field in the strip 
line 113 adjacent to the output strip line 114 is 
maximized by the microwaves resonated in the ic 
strip line 113. Therefore, the microwaves resonated 
are transferred to the output strip line 114. 

Accordingly, even though the straight strip 
lines 113a, 113b are connected to each other 
through a distributed impedance element such as 75 
the line-to-line gap capacitor 117 having a distrib- 
uted constant, the characteristic impedance of the 
strip line 113 can be changed... 

Also, because the input and output strip lines 
112 f 114 are coupled to the strip line 113 in the 20 
capacitive coupling, the microwaves can be trans- 
ferred between the strip line 1 1 3 and the input and 
output strip lines 112. 114. 

Also, the resonance width of the resonated 
microwaves can be adjusted by trimming the open 25 
end stub 118. 

Also, not only the resonance width of the reso- 
nated microwaves but also the central frequency of 
the resonated microwaves can be adjusted by trim- 
ming the open end stub 118 and the projecting 30 
portions 113c, 113d. 

Next, a third embodiment of the second con- 
cept according to the present invention is de- 
scribed. 

Fig. 12 is a plan view of a strip dual mode loop^ ... 35 
resonator according to a third embodiment of the 
second concept. 

As shown in Fig. 12, a strip dual mode loop 
resonator 121 comprises an input strip line 122 in 
which microwaves are transmitted, the loop-shaped 40 
strip line 93 in which the microwaves transferred 
from the input strip line 122 is resonated, an input 
magnetic coupling line 123 arranged in parallel to 
the strip line 93 for coupling the input strip line 122 
to the strip line 93 in magnetic coupling (or indue- 45 
tive coupling) by inducing magnetic field therfein, 
an output strip line 124 to which the microwaves 
resonated in the loop-shaped strip line 93 are 
transferred, an output magnetic coupling line 125 
arranged in parallel to the strip line 93 for coupling 50 
the output strip line 124 to the strip line 93 in 
magnetic coupling (or inductive coupling) by induc- 
ing magnetic field therein, and a line-to-line cou- 
pling inductor 126 having a lumped inductance Lw 
for changing a characteristic impedance of the 55 
loop-shaped strip line 93. 

A coupling portion A of the straight strip line 
93a adjacent to the input magnetic coupling tin 



123 is spaced 90 degrees in the electric length 
apart from a coupling portion B of the straight strip 
line 93b adjacent to the output magnetic coupling 
line 124. 

One end of the input magnetic coupling line 
123 is connected to the input strip line 122, and 
another end of the input magnetic coupling line 123 
is grounded. A line width of the input magnetic 
coupling fine 123 is narrow so that magnetic field is 
dominantly induced around the input magnetic cou- 
pling line 123 when the microwaves are transmitted 
therein. Therefore, the input strip line 122 is coup- 
led to the loop-shaped strip line 93 in the magnetic 
coupling. 

Also, one end of the output magnetic coupling 
line 125 is connected to the output strip line 124, 
and another end of the output magnetic coupling 
line 125 is grounded. A fine width of the output 
magnetic coupling line 123 is narrow so that mag- 
netic field is dominantly induced around the output 
magnetic coupling line 123 when magnetic field 
induced bythe microwaves is increased at the cou- 
pling portion B. Therefore, the output strip line 124 
is coupled to the loop-shaped strip line 93 in the 
magnetic coupling. 

Both ends of the line-to-line coupling inductor 
126 are connected to the straight strip lines 93a, 
93b at connecting points C, D. The connecting 
point C is spaced 61 degrees in the electric length 
apart from the coupling portion A. In the same 
manner, the connecting point D is spaced el de- 
grees in the electric length apart from the coupling 
portion B. 

In the above configuration, when microwaves 
having various wavelengths around the resonance 
wavelength X 0 is transmitted in the input strip line 
122, the input magnetic coupling line 123 is coup- 
led to the looprshaped strip line 93 in the magnetic 
coupling. That is, magnetic field is locally induced 
in the loop-shaped strip line 93 adjacent to the 
input magnetic coupling line 123. Therefore, the 
microwaves are transferred to the loop-shaped strip 
line 93. Thereafter, to diffuse the magnetic field 
locally induced in the strip line 93, the microwaves 
are transmitted in the strip line 93 according to the 
characteristic impedance of the strip line 93. The 
characteristic impedance is determined according 
to the uniform line impedance of the strip line 93, 
the electromagnetic coupling of the straight strip 
lines 93a. 93b and the line-to-line coupling inductor 
126. Therefore, the microwaves are reflected at the 
straight strip lin s 93a, 93b and the line-to-line 
coupling inductor 126 to produc reflected waves. 

Th reafter, th reflected waves are circulated 
in the strip , line 93 in the clockwise and coun- 
terclockwise directions. In this case, when the - 
wavelength of the microwaves agrees with the res- 
onance wavelength Xo. the microwaves are reso- 
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nated in the strip lino 93. Also, intensity of mag- 
netic field in the strip line 93 adjacent to the output 
magnetic coupling line 125 is maximized by the 
reflected waves on condition that the wavelength of 
the microwaves agrees with the resonance 
wavelength X 0 . Therefore, the strip line 93 adjacent 
to the output magnetic coupling line 125 is coupled 
to the output strip line 124 in the magnetic coupling 
by the action of the output magnetic coupling line 
125. This is, the microwaves in the strip line 93 are 
transferred to the output strip line 125. 

Accordingly, the strip dual mode loop resonator 
121 functions as a filter and resonator because the 
microwaves are resonated in the strip line 93 in 
cases where the wavelength of the microwaves 
agrees with the resonance wavelength Xq. 

Also, because two orthogonal modes formed of 
the non-reflected waves and the reflected waves 
shifting by 90 degrees as compared with the non- 
reflected waves independently coexist ir^the strip 
dual mode loop resonator 93, the strip dual mode 
loop resonator 121 functions as a two-stage filter in 
the same manner as the strip dual mode loop 
resonator 91 . 

Also, even though the input and- output strip 
lines are coupled to the strip line 113 in the mag- 
netic coupling, the microwaves can be transferred 
between the strip line 93 and the input and output 
strip lines 122, 124. 

Also, even though the straight strip lines 93a, 
93b are connected to each other through a lumped 
inductor such as the line-to-line coupling inductor 
126 having the lumped inductance Lw, the char- 
acteristic impedance of the strip line 93 can be 
changed. 

Also, even though the characteristic impedance 
is adjusted by changing the lumped inductance Lw 
of the line-to-line coupling inductor 126, the reso- 
nance width of the resonated microwaves can be 
adjusted. 

Next, a fourth embodiment of the second con- 
cept according to the present invention is de- 
scribed. 

Pig. 13 is a plan view of a strip dual mode loop 
resonator according to a fourth embodiment of the 
second concept. 

■As shown in Fig. 13, a strip dual mode loop 
resonator 131 comprises an input coupling line 132 
in which microwaves are transmitted, the loop- 
shaped strip line 93 in which the microwaves trans- 
ferred from the input coupling line 132 are reso- 
nated, a gap capacitor 133 having a distributed 
capacitance Cc for coupling the input coupling line 
132 and the strip line 93 in capacitive coupling, the 
iine-lo-line coupling inductor 126, an output cou- 
pling line 134 to. which the microwaves resonat d 
in the loop-shaped strip line 93 are transferred, and 



the strip line 93 for coupling the output coupling 
line 134 to the strip line 93 in magnetic coupling. 

The gap capacitor 133 is formed by approach- 
ing the input coupling line 132 to the loop-shaped 
5 strip line 93. 

A coupling portion A of the straight strip line 
93a adjacent to the input coupling line 132 is 
spaced 180 degrees (a half-wave length of the 
microwaves) in the electric length apart from a 
io coupling portion B of the straight strip line 113b 
adjacent to the output magnetic coupling line 135. 

One end of the line-to-line coupling inductor 
126 is connected to the straight strip lines 93a at a 
connecting point C ( and another end of the line-to- 
75 line coupling inductor 126 is connected to the 
straight strip lines 93b at the coupling portion B. 
The connecting point C is spaced 90 degrees in 
the electric length apart from the coupling portion 
A. 

20 In the above configuration, when microwaves 

having various wavelengths around the resonance 
wavelength X<, transmit through the input coupling 
line 132, intensity of electric field is maximized at 
the strip line 93 adjacent to the input coupling line 

25 132 by the action of the gap capacitor 133. There- 
fore, the microwaves are transferred to the strip 
line 93. Thereafter, to diffuse the electric field, the 
microwaves are transmitted in the clockwise and 
counterclockwise directions. In this case, because 

30 the characteristic impedance of the strip line 93 is 
determined according to the uniform line imped- 
ance of the strip line 93, the electromagnetic cou- 
pling of the straight strip lines 93a, 93b, and the 
line-to-line coupling inductor 126. Therefore, the 

35 travelling waves are reflected at the straight strip 
lines 93a, 93b and the line-to-line coupling inductor 
126 to produce reflected waves. The reflected 
waves are circulated in the strip line 93 in the 
clockwise and counterclockwise directions. 

40 In cases where the wavelength of the micro- 
waves agrees with the resonance wavelength \ 0 , 
the microwaves formed of the reflected waves are 
resonated in the strip line 93, and the intensity of 
the magnetic field induced by the reflected waves 

45 is maximized at the coupling portion B. Therefore, 
the output coupling line 134 is coupled to the strip 
line 93 in the magnetic coupling by the action of 
the magnetic coupling line 135 so that the micro- 
waves resonated in the strip line 93 are transferred 

so to the output coupling line 134. 

Accordingly, the strip dual mode loop resonator 
13.1 functions as a filter and resonator because the 
microwaves are resonated In the strip line 93 in 
cases where th wavelength of the microwaves 

55 agrees with the resonance wavelength V 

Also, because two orthogonal modes formed of 
the non-reflected waves and the reflected waves 
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reflected waves independently coexist in the strip 
dual mode loop resonator 93, the strip dual mode 
loop resonator 131 functions as a two-stage filter in 
the same manner as the strip dual mode loop 
resonator 91. 

Also, even though the input and output cou- 
pling lines 132, 134 are coupled to the strip line 93 
in different types of impedance coupling such as 
the capacitive coupling and the magnetic coupling, 
the microwaves can be transferred between the 
strip line 131 and the input and output coupling 
lines 132, 134. 

Next, a fifth embodiment of the second con- 
cept according to the present invention is de- 
scribed. 

Fig. 14 is a plan view of a band-pass filter in 
which three strip dual mode loop resonators 91 
shown in Fig. 9 are arranged in series according to 
a fifth embodiment of the second concept. 

As shown in Fig. 14, a band-pass filter 141 
according to the fifth embodiment comprises a 
series of three strip dual mode loop resonators 91 . 
That is, the strip dual mode loop resonator 91 in a 
first stage is connected with the strip dual mode 
loop resonator 91 in a second stage through an 
inter-stage coupling capacitor 142. Also, the strip 
dual mode loop resonator 91 in the second stage is 
connected with the strip dual mode loop resonator 
91 in a third stage through an inter-stage coupling 
capacitor 143. 

In the above configuration, each of the strip 
lines 93 in the strip dual mode loop resonators 91 
functions as a resonator and filter in dual modes. 
Therefore, the band-pass filter 141 functions as a 
six-stage filter. r ? 

Accordingly, because central hollow portions of 
the resonators 91 are minimized, and because the 
central hollow portions are efficiently utilized to 
couple the straight strip lines 93a, 93b, an area 
occupied by the filter 141 can be minimized. 

In the fifth embodiment, three resonators 91 
according to the first' embodiment is utilized to 
manufacture the filter 141. However, the number of 
the resonators 91 is not limited to three. Also, It is" 
preferred that a plurality of resonators 111, 121, or 
131 be arranged in series to manufacture a bahd- 
pass filter. Also, it is preferred that various types of 
resonators selected from the resonators 91, 111, 
121, and 131 be combined. 

Also, it is preferred that the filter 141 comprise 
a multilayer type of resonators in which a plurality 
of resonators 91, 111, 121, or 131 are arranged in 
a tri-plate structure. 

In the first and fifth embodiment, the strip lines 
(or balanced strip lines) are utilized to manufacture 
the resonators 91, 111, 121, and 131 and the filt r. 
141. However, it is preferred that microstrip lines 
be utiliz d to manufacture the resonators 91, 111, 



121, and 131 and the filter 141. 

Next, a first embodiment of a third concept 
according to the pr sent invention is described. 

Fig. 15 is a plan view of a strip dual mode loop 
5 resonator according to a first embodiment of the 
third concept. 

As shown in Fig. 15, a strip dual mode loop 
resonator 151 comprises an input strip line 152 in 
which microwaves are transmitted, a loop-shaped 
10 strip line 153 in which the microwaves transferred 
from the input strip line 152 are resonated, an 
output strip line 154 in which the microwaves reso- 
nated in the loop-shaped strip line 153 are trans- 
mitted, an input coupling capacitor 155 having a 
75 lumped capacitance Cc for coupling the input strip 
line 152 to the loop-shaped strip line 153 in capaci- 
tive coupling, an output coupling capacitor 156 
having the lumped capacitance Cc for coupling the 
loop-shaped strip line 153 to the output strip line 
20 154 in capacitive coupling, and an open end stub 
157 for changing the characteristic impedance of 
the loop-shaped strip line 153. 

An electric length of the loop-shaped strip line 
153 agrees with a resonance wavelength X 0 , and 
25 the loop-shaped strip line 1 53 is divided into three 
blocks. 

A pair of widened strip lines 153a. 153b are 
provided in a first block of the loop-shaped strip 
line 153. The widened strip lines 153a, 153b are 

30 arranged in parallel to each other. The widened 
strip lines 153a, 153b respectively have an electric 
length $1 (0K9O*), a widened width W1, and a 
line impedance Z1. 

A second block of the loop-shaped strip line 

35 153 is positioned at a first side (or a left side in Fig. 
15) of the first block, and a U-shaped narrow strip 
line 153c having an electric length 62 (02>9O # ) is 
provided in the second block. One end of the U- 
shaped narrow strip line 153c is connected to a 

40 first side end of the widened strip line 153a, and 
the other end of the U-shaped narrow strip line 
153c is connected to a first side end of the widen- 
ed strip line 153b. A width of the narrow strip line 
153c is W2 narrower than the widths W1 of the 

45 widened strip lines 153a, 153b, and a line imped- 
ance of the narrow strip line 153c is Z2. Because 
both straight portions of the U-shaped narrow strip 
line 153c are approached each other, the straight 
portions of the U-shaped narrow strip line 153c are 

50 coupled to each other in the electromagnetic cou- 
pling. 

A third block of the loop-shaped strip line 153 
is positioned at a s cond side (or a right side in 
Fig. 15) of the first block, and a U-shaped narrow 
55 strip line 153d is provided in the third block. One 
end of the narrow strip line 153d is connected to a 
second end of the widened strip line 1 53a, and the 
other end of the narrow strip line 153d is con- 
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nected to a second end of the widened strip line 
153b. The narrow strip line 153d has an electric 
length 03, the width W2, and a line impedance 23. 

In this case, a relational equation 2*01 + 02 + 
03 = 360 degrees is satisfied. Also, the line im- 
pedance Z1 differs from the line impedance Z2 
and the line impedance Z3 to produce four line 
impedance difference points at boundaries of the 
blocks in the loop-shaped strip line 153. 

Also, a flat surface is formed of an inside 
surface of the widened strip line 153a, an inside 
surface of the narrow strip line 153c ( and an inside 
surface of the narrow strip line 153d. Also, another 
flat surface is formed of an inside surface of the 
widened strip line 153b ( another inside surface of 
the narrow strip line 153c, and another inside sur- 
face of the narrow strip line 153d. That is, the 
widened strip lines 153a, 153b are manufactured 
by outwardly widening strip lines as compared with 
the narrow strip line 153c. 

Therefore, electromagnetic coupling between 
the widened strip lines 153a, 153b, electromagnetic 
coupling between both ends of the narrow strip line 
153c, and electromagnetic coupling between both 
ends of the narrow strip line 153d are the same. 

The input and output strip lines 152, 154 are 
respectively formed of a plate capacitor, and are 
coupled to the narrow strip line 153c through the 
input and output coupling capacitors 155, 156. One 
end of the input coupling capacitor 155 is con- 
nected to an input point A of the narrow strip line 
153c, and one end of the output coupling capacitor 
156 is connected to an output point B of the narrow 
strip line 153c. The input and output points A, B 
are symmetrically positioned with respect to the 
narrow strip line 153c, and the output point B is 
spaced 90 degrees (or a quarter-wave length of the 
microwaves) in the electric length apart from the 
input point A. 

The open end stub 157 is connected to the 
middle of the narrow strip line 153d, and the open 
end stub 157 is arranged at equal intervals (or 135 
degrees in the electric length) from the input and 
output points A, B. 

In the above configuration, microwaves having 
various wavelengths around the resonanpe 
wavelength \o is transferred 1 from the input strip 
line 152 to the loop-shaped strip line 153 because 
the input strip line 152 is coupled to the strip line 
153 by the action of the input coupling capacitor 
155. In the strip line 153, the line impedance of the 
strip line 153 is changed by the line impedance 
difference points in the strip line 153. Therefore, 
the microwaves are reflected in each of the blocks 
to produce reflected waves. Also, the microwaves 
are reflected in the open nd stub 158. This is, the 
characteristic impedance of the strip line 153 is 



pling between the widen d lines 153a, 153b, the 
line impedances Z1 , Z2, and Z3 of the blocks, the 
electric lengths 01, 02, and 03, and the open end 
stub 157. Thereafter, the reflected waves are cir- 

5 culated in the strip line 153 in clockwise and coun- 
terclockwise directions. 

Thereafter, in cases where the wavelength of 
the microwaves agrees with the electric length of 
the strip line 153, the microwaves are resonated in 

w the strip line 153. In this case, the intensity of the 
microwaves reflected in the open end stub 157 is 
varied by trimming the open end stub 158. There- 
after, the intensity of the electric field at the output 
point B is maximized by the microwaves resonated 

76 in the strip line 153. Therefore, the microwaves 
resonated are transferred to the output strip line 
154 by the action of the output coupling capacitor 
156. 

Accordingly, because the microwaves are reso- 

20 nated in the strip line 153 on condition that the 
wavelength of the microwaves agrees with the res- 
onance wavelength \ 0 , the strip dual mode loop 
resonator 151 functions as a resonator and filter. 
Also, the microwaves transferred from the input 

25 strip line 152 are initially transmitted in the strip 
line 153 as non-reflected waves, and the micro- 
waves are again transmitted in the strip line 153 as 
the reflected waves shifting by 90 degrees as com- 
pared with the non-reflected waves. In other words, 

30 two orthogonal modes formed of the non-reflected 
waves and the reflected waves independently co- 
exist in the strip dual mode loop resonator 151. 
Therefore, the strip dual mode loop resonator 151 
functions as a two-stage filter in the same manner 

35 as the conventional strip dual mode ring resonator 
21. 

Also, because the characteristic impedance of 
the strip line 153 is determined according to the 
electromagnetic coupling between the widened 

40 lines 153a, 153b, the line impedances Z1, Z2, and 
Z3 of the blocks, the electric lengths 01, 02, and 
03, and the open end stub 157, the characteristic 
impedance can be suitably adjusted in a wide 
range. Therefore, a resonance width of the reso- 

45 nated microwaves can be suitably adjusted by 
changing the characteristic impedance. That is, the 
strip dual mode loop resonator 151 having a widen- 
ed resonance width can be manufactured. 

Also, a central frequency of the resonated mi- 

so crowaves can be adjusted by changing the char- 
acteristic impedance. Specifically, the central fre- 
quency of the resonated microwaves can be mi- 
nutely adjusted by trimming the open end stub 157 
after the strip dual mode loop resonator 151 is 

55 manufactured. 

Also, because the central frequency ol the res- 
onated microwaves can be adjusted after the strip 
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yield rate of the resonator 151 can be increased. 

Also, because the characteristic impedance 
can be suitably adjusted in a wide range, the 
resonator 151 having a superior performance can 
be stably manufactured. 5 

Next, a second embodiment of the third con- 
cept according to the present invention is de- 
scribed. 

Fig. 16 is a plan view of a strip dual mode loop 
resonator according to a second embodiment of jo 
the third concept. 

As shown in Fig. 16, a strip dual mode loop 
resonator 161 comprises the input strip line 152, a 
loop-shaped strip line 162 in which the microwaves 
transferred from the input strip line 152 are reso- is 
nated, the output strip line 154, the input coupling 
capacitor 155, the output coupling capacitor 156, 
and the open end stub 157. 

An electric length of the loop-shaped strip line 
162 agrees with a resonance wavelength X 6 , and 20 
the loop-shaped strip line 162 is divided into three 
blocks. 

A pair of straight strip lines 162a, 162b are 
provided in a first block of the loop-shaped strip 
line 162. The straight strip lines 162a, 162b are 25 
arranged in parallel to each other. The straight strip 
lines 162a, 162b respectively have an electric 
length 01 (0K9O*), a width W1, and a line imped- 
ance 21 . 

A second block of the loop-shaped strip line 30 
162 is positioned at a first side (or a left side in Fig. 
16) of the first block, and a U-shaped narrow strip 
line 162c having an electric length 02 (02>9O - ) is 
provided in the second block. One end of the U- 
shaped narrow strip line 162c is connected to a 35 
first side end of the straight strip line 162a, and the 
other end of the U-shaped narrow strip line 162c is 
connected to a first side end of the straight strip 
line 162b. A width of the narrow strip line 162c is 
W2 narrower than the widths W1 of the straight 40 
strip lines 162a, 162b, and a line impedance of the 
narrow strip line 162c is Z2. Because both straight 
portions of the U-shaped narrow strip line 162c are 
approached each other, the straight portions of the 
U-shaped narrow strip line 162c are coupled to 45 
each other in the electromagnetic coupling. * 

A third block of the loop-shaped strip line. 162 
is positioned at a second side (or a right side in 
Fig. 16) of the first block, and a U-shaped widened 
strip line 162d is provided in the third block. One 50 
end of the widened strip line 162d is connected to 
a second nd of the straight strip line 162a, and 
the other end of the widened strip line 162d is 
connected to a s cond end of the straight strip line 
162b. The widened strip line 162d has an lectric 55 
length 03, a width W3 wider than W2, and a line 
impedance Z3. 



In this case, a relational equation 2*0 1 + 02 + 
03 = 360 degr es is satisfied. Also, the line im- 
pedances Z1, Z2, and Z3 differ from each other. 
Therefore, there are four line impedance difference 
points at boundaries of the blocks in the loop- 
shaped strip line 162. 

Also, a flat surface is formed of an outside 
surface of the straight strip fine 162a, an outside 
surface of the narrow strip line 162c, and an out- 
side surface of the widened strip line 162d. Also, 
another flat surface is formed of an outside surface 
of the straight strip line 162b, an outside surface of 
the narrow strip line 162c, and an outside surface 
of the widened strip line 162d. That is, the straight 
and widened strip lines 162a, 162b, 162d are man- 
ufactured by inwardly widening strip lines as com- 
pared with the narrow strip line 162c. 

Therefore, a distance between the straight strip 
lines 162a, 162b is narrower than that between 
both ends of the narrow strip line 162c. Also, a 
distance between both ends of the widened strip 
line 162d is narrower than that between the straight 
strip lines 162a, 162b. As a result, electromagnetic 
coupling between the straight strip lines 162a. 162b 
is stronger than that between both ends of the 
narrow strip line 162c. Also, electromagnetic cou- 
pling between both ends of the widened strip line 
162d is stronger than that between the straight strip 
lines 162a, 162b. 

The input and output strip lines 152, 154 are 
coupled to the narrow strip line 162c through the 
input and output coupling capacitors 155, 156. One 
end of the input coupling capacitor 155 is con- 
nected to an input point A of the narrow strip line 
162c, and one end of the output coupling capacitor 
156 is connected to an output point & of the narrow 
strip line 162c. The input and output points A, B 
are symmetrically positioned with respect to the 
narrow strip line 162c, and the output point B is 
spaced 90 degrees (or a quarter-wave length of the 
microwaves) in the electric length apart from the 
input point A.. 

The open end stub 157 is connected to the 
middle of the widened strip line 162d, and the open 
end stub 157 is arranged at equal intervals (or 135 
degrees in the electric length) from the input and 
output points A, B. 

In the above configuration, microwaves having 
various wavelengths around the resonance 
wavelength X 0 ar transferred from the input strip 
line 152 to the strip line 162 b cause the input strip 
line 152 is coupled to th strip line 162 by the 
action of the input coupling capacitor 155. In the 
strip line 162, the line impedance of th strip line 
162 is changed by the line impedance difference 
points. Ther fore, the microwav s are reflected in 
each of the blocks to produce reflected waves. 
Also, the microwaves ar r fleeted in the open end 
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stub 157. This is, the characteristic impedance of 
the strip line 162 is determined according to the 
electromagnetic coupling between both ends of the 
narrow strip line 162c, the electromagnetic coupling 
between the straight strip lines 162a, 162b, the 
electromagnetic coupling between both ends of the 
widened strip line 162d, the line impedances Z1, 
Z2, and Z3 of the blocks, the electric lengths 61, 
62, and 03, and the open end stub 157. Thereafter, 
the reflected waves are circulated in the strip line 
162 in clockwise and counterclockwise directions. 

Thereafter, in cases where the wavelength of 
the microwaves agrees with the electric length of 
the strip line 162, the reflected waves are reso- 
nated in the strip line 162. In this case, the inten- 
sity of the microwaves reflected in the open end 
stub 157 is varied by trimming the open end stub 
168. Thereafter, intensity of electric field at the 
output point B is maximized by the microwaves 
resonated in the strip line 162. Therefore, the mi- 
crowaves resonated are transferred to the output 
strip line 154 by the action of the output coupling 
capacitor 156. 

Accordingly, because the straight strip lines 
162a. 162b and the widened strip line 162d are 
inwardly widened each other, an occupied area 
required to manufacture the strip dual mode loop 
resonator 161 can be minimized as compared with 
the resonator 151 shown in Fig. 15. 

Also, the strip dual mode loop resonator 161 
' functions as a dual mode resonator and filter in the 
same manner as the resonator 151 shown in Fig. 
15. 

Also, a resonance width and a central fre- 
quency can be adjusted in the same manner as the 
resonator 151 shown in Fig. 15. 

Also, because the central frequency of the res- 
onated microwaves is adjusted by changing the 
characteristic impedance of the strip line 162 and 
the length of the open end stub 157, a yield rate of 
the resonator 161 can be increased in the same 
manner as the resonator 151 shown in Fig. 15. 

In the second embodiment of the third concept, 
ait of the narrow and widened strip lines 162a, 
162b, 162c, 162d are coupled to each other in the 
electromagnetic coupling. However, it is not neces- 
sary -to couple all. of the narrow and widened strip 
lines 162a, 162b, 162c, 162d to each other. 

In the first and second embodiments, the open 
end stub 157 is attached to the narrow strip line 
153d and the widened strip line 162d. However, it 
is preferred that the variable capacitor 38 shown in 
Fig. 3 be attached to the narrow strip line 153d and 
the widened strip line 162d. 

Also, the input and output coupling capacitors 
155, 156 ar arranged to couple the input and 
output strip lines 152, 154 to the narrow strip lines 



and output gap capacitors 52, 54 shown in Fig. 5 
be arranged to couple the input and output strip 
lines 152, 154 to the narrow strip lines 153c, 162c. 
Next, a third embodiment of the third concept 
5 according to the present invention is described. 

Fig. 17 is a plan view of a band-pass filter in 
which four strip dual mode loop resonators 161 
shown in Fig. 16 are arranged in series according 
to a third embodiment of the third concept. 
70 As shown in Fig. 17, a band-pass filter 171 

according to the third embodiment comprises a 
series of fourth strip dual mode loop resonators 
161. That is, the strip dual mode loop resonator 
161 in a first stage is connected with the strip dual 
75 mode loop resonator 161 in a second stage 
through an inter-stage coupling capacitor 172, the 
strip dual mode loop resonator 161 in the second 
stage is connected with the strip dual mode loop 
resonator 161 in a third stage through an inter- 
20 stage coupling capacitor 173, and the strip dual 
mode loop resonator 161 in the third stage is 
connected with the strip dual mode loop resonator 
161 in a fourth stage through an inter-stage cou- 
pling capacitor 174. 
25 In the above configuration, each of the strip 
lines 162 in the strip dual mode loop resonators 
161 functions as a dual mode resonator and filter. 
Therefore, the band-pass filter 171 functions as an 
eight-stage filter. 
30 Accordingly, because central hollow portions of 
the resonators 161 are minimized, and because the 
central hollow portions are efficiently utilized to 
couple the strip lines 162a to 162d, an area oc- 
cupied by the filter 171 can be minimized. 
35 In the third embodiment of the third concept, 
three resonators 161 according to the second em- 
bodiment is utilized to manufacture the filter 171. 
However, the number of the resonators 161 is not 
limited to four. Also, it is preferred that a plurality of 
40 resonators 151 shown in Fig. 15 be arranged in 
series to manufacture a band-pass filter. Also, it is 
preferred that the resonators 151, 161 be com- 
bined. 

Also, it is preferred that the filter 171 comprise 
45 a multilayer type of resonators in which a plurality 
of resonators 151 or 161 are arranged in a tri-plate 
structure. 

In the first and third embodiment of the third 
concept, the strip lines (or balanced strip lines) are 
so utilized to manufacture the resonators 151, 161 and 
the filter 171. However, it is preferred that micro- 
strip lines be utilized to manufacture the resonators 
151, 161 and the filter 171. 

Next, a first mbodiment of a fourth concept 
55 according to the present invention is described. 

Fig. 18 is a plan view of a strip loop resonator 
according to a first embodiment of a fourth con- 



47 



EP 0 571 777 A1 



48 



As shown in Fig. 18. a strip loop resonator 181 • 
comprises a pair of parallel coupling lines 182a, 
182b arranged in parallel, a first side connecting 
line 183 through which first side ends of the par- 
allel coupling lines 182a, 182b are connected, a 5 
second side connecting line 184 through which the 
other side ends of the parallel coupling lines 182a, 
182b are connected, an input tap coupling line 184 
coupled to the first side connecting line 183 in 
inductive coupling, and an output tap coupling line 10 
185 coupled to the second side connecting line 
184 in inductive coupling. 

Each of the parallel coupling lines 182a f 182b 
has a wide width W1 and an electric length L1 , and 
the parallel coupling lines 182a, 182b are spaced a 15 
narrow distance S1 apart from each other. There- 
fore, inside portions of the parallel coupling lines 
182a, 182b are strongly coupled to each other in 
capacitive coupling in cases where microwaves are 
transmitted in the parallel coupling, lines 182a, 20 
182b. 

The first and second side connecting lines 183, 
184 have a narrow width W2 and an electric length 
L2. Both ends of the first side connecting line 183 
are connected to outside portions of the parallel 25 
coupling lines 182a, 182b at a' first side (or a left 
side in Fig. 18), and both ends of the second side 
connecting line 184 are connected to the outside 
portions of the parallel coupling lines 182a, 182b at 
a second side (or a right side in Fig. 18). 30 

Therefore, a rectangular shape of microwave 
resonator 187 is formed of the parallel coupling 
lines 182a, 182b and the first and second side 
connecting lines 1 83, 1 84. An electric length of the 
microwave resonator 187 sums up to U = 2*L1 + 35 
2*L2. Also, both ends of the first side connecting 
line 183 are not coupled to each other so much in 
cases where microwaves are transmitted in the first 
side connecting line 183. Also, both ends of the 
second side connecting line 184 are not coupled to 40 
each other so much in the same manner. 

In the above configuration, microwaves having 
various wavelengths around a resonance micro- 
wave X 0 are transferred from the input tap coupling 
line 185 to the first side connecting line 183 be- 45 
cause the input tap coupling line 185 is couplecf to 
the first side connecting line 183 in the inductive 
coupling. Thereafter, the microwaves transferred to 
the line 183 are circulated in the microwave reso- 
nator 187 in clockwise and counterclockwise direc- so 
tions, according to the characteristic impedance of 
the microwave resonator 187. The characteristic 
impedance of the microwave resonator 187 de- 
pends on the electric length Le of the microwave 
resonator 187, a line impedance ef the microwave 55 
resonator 187, and the capacitive coupling betwe n 
the parallel coupling lines 182a, 182b. Strength of 
the capacitive coupling betw en the parallel cou- 



pling lines 182a, 182b depends on the shape of the 
parallel coupling lines 182a, 182b such as the 
width W1 and the distance S1. 

In cases where the wavelength of the micro- 
waves agrees with the resonance wavelength X Q of 
the microwaves, the microwaves are resonated in 
the microwave resonator 187. The resonance 
wavelength X 0 of the microwaves resonated in the 
microwave resonator 187 is longer than the electric 
length L E of the microwave resonator 187 because 
the parallel coupling lines 182a, 182b are strongly 
coupled to each other in capacitive coupling. In 
detail, a resonance frequency « 0 relating to the 
resonance wavelength \ 0 , an inductance L, and a 
capacitance C are generally related according to a 
resonance equation <* 0 2 = 1/(LC). Also, the capaci- 
tive coupling between the parallel coupling lines 
182a, 182b is equivalent to a capacitor having the 
capacitance C. Therefore, the resonance frequency 
o>o is lowered in proportion as the capacitive cou- 
pling between the parallel coupling lines 182a, 
182b is stronger. As a result, the resonance 
wavelength X c of the microwaves is lengthened by 
the capacitive coupling between the parallel cou- 
pling lines 182a, 182b. 

In addition, an unloaded quality factor Q in a 
resonance circuit is generally defined according to 
an equation Q = <d 0 *C*R, where the symbol R 
denotes a resistance in the resonance circuit. 
Therefore, the unloaded quality factor Q is in- 
creased in proportion as the capacitive coupling 
between the parallel coupling lines 182a, 182b is 
stronger. In this case, the unloaded quality factor Q 
is also generally defined according to an equation 
Q = o>o/(2*A«) ( where the symbol 2*A*> denotes a 
resonance width of the microwaves resonated in 
the resonance circuit Therefore, the resonance 
width is narrowed in proportion as the capacitive 
coupling between the parallel coupling lines 182a, 
182b is stronger. 

Thereafter, the microwaves resonated in the 
microwave resonator 187 are transferred to the 
output tap coupling line 186 because the micro- 
wave resonator 187 is coupled to the line 186 in 
the inductive coupling. 

Accordingly, even though the wavelength of the 
microwaves is longer than the electric length L E of 
the microwave resonator 187, the microwaves can 
be resonated in the strip loop resonator 181. In 
other words, because the microwaves can be reso- 
nated even though the wavelength of the micro- 
waves is long r than the electric length L E , the 
electric length U of the microwave resonator 187 
can be shorten d. That is. the strip loop resonator 
181 can be minimized regardless of the wavelength 
of the microwaves. 

For example, on condition that a relative dielec- 
tric constant is « r = 2.2, a thickness of*th micro- 
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wave resonator 187 is H1=10 mm, the electric 
length of the parallel coupling lines 182a t 182b is 
L1 = 160 degrees, the electric length of the first and 
second side connecting lines 183, 184 is L2 = 20 
degrees, a resistance of each of the parallel cou- 
pling lines 182a ( 182b is R1 =50 Q, a resistance of 
each of the first and second side connecting lines 
183, 184 is R2 = 1 00 Q, and a pseudo-resonance 
frequency of the microwaves is « p = 1.0 GHz, a 
resonance frequency « 0 equals 0.992*« p in case of 
a relative distance S1/H1 =4. A resonance frequen- 
cy a) 0 equals 0.98« p in case of a relative distance 
S1/H1 =2. And, a resonance frequency « 0 equals 
0.96 w p in case of a relative distance S1/H1 =0.2. In 
cases where the relative dielectric constant * r is 
increased, a ratio of the resonance frequency « Q to 
the pseudo-resonance frequency « p is furthermore 
reduced because the strength of the capacitive 
coupling between the parallel coupling lines 182a, 
182b is increased. 

Also, the resonance wavelength X D of the mi- 
crowaves can be minutely adjusted by changing 
the width W1 of the parallel coupling lines 182a, 
182b or the distance S1 between the parallel cou- 
pling lines 182a. 182b. The strength of the capaci- 
tive coupling between the parallel coupling lines 
182a, 182b can be changed by trimming the par- 
allel coupling lines 182a, 182b. 

Also, because the unloaded quality factor Q is 
increased depending on the strength of the capaci- 
tive coupling between the parallel coupling lines 
182a, 182b, the strip loop resonator 181 in which 
the resonance width is narrowed can be manufac- 
tured. 

Also, in cases where the strip loop resonator 
181 is utilized as a resonator in an oscillating 
circuit, an output signal of the oscillating circuit can 
stably have an oscillated band of which a fre- 
quency range is narrowed. Therefore, superior 
phase-noise characteristics can be obtained in the 
oscillated circuit in whicfj the strip loop resonator 
181 is utilized. 

Also, because the strip loop resonator 181 is in 
rectangular shape, a plurality of resonators 181 can 
be closely arranged in series. v 

Next, a second embodiment of the fourth con- 
cept .according to the present invention is de- 
scribed. 

Fig. 19 is a plan view of a strip loop resonator 
according to a second embodiment of the fourth 
concept. 

As shown in Fig. 19, a strip loop resonator 191 
comprises a pair of parallel coupling lines 192a, 
192b arranged in parallel, the first side connecting 
line 183 through which first side ends of the par- 
allel coupling lines 192a, 192b are connected, the 
s cond side connecting line 184 through which the 

rtthor ctrlo onrlc r»f r^»-r*tl*a1 /--/■%< ir-vllmr* lino* lOOo 



192b are connected, the input tap coupling line 
184, and the output tap coupling line 186. 

The parallel coupling lines 192a, 192b respec- 
tively have a curved inside surface, and the curved 

5 inside surfaces of the lines 192a, 192b face each 
other at the distance S1. Therefore, inside portions 
of the parallel coupling lines 192a, 192b are strong- 
ly coupled to each other in capacitive coupling in 
cases where microwaves are transmitted in the 

io parallel coupling lines 192a, 192b. Furthermore, the 
capacitive coupling between the parallel coupling 
lines 192a, 192b is stronger than that between the 
parallel coupling lines 182a, 182b because a 
curved inside surface area of each of the lines 

75 192a, 192b is wider than a straight inside surface 
area of each of the lines 182a, 182b. 

The parallel coupling lines 192a, 192b respec- 
tively have the electric lerf§th L1 in an outside 
portion. Therefore, a rectangular shape of micro- 

20 wave resonator 193 is formed of the parallel cou- 
pling lines 192a, 192b and the first and second 
side connecting lines 183. 184. An electric length 
of the microwave resonator 193 sums up to L E = 
2*L1 + 2*L2. 

25 In the above configuration, microwaves having 

various wavelength around a resonance wavelength 
X 0 are transferred from the input tap coupling line 
185 to the first side connecting line 183 in the 
same manner as in the strip loop resonator 181 . 

30 Thereafter, the microwaves transferred to the 
line 183 are circulated in the microwave resonator 
193 in clockwise and counterclockwise directions, 
according to the characteristic impedance of the 
microwave resonator 193. The characteristic im- 

35 pedance of the microwave resonator 193 depends 
on the electric length L E of the microwave resona- 
tor 193, a line impedance of the microwave resona- 
tor 193, and the capacitive coupling between the 
parallel coupling lines 192a, 192b. Strength of the 

40 capacitive coupling between the parallel coupling 
lines 192a, 192b depends on the shape of the 
parallel coupling lines 192a, 192b such as the 
distance S1 and the curved inside surfaces of the 
lines 192a, 192b. 
45 In cases where the wavelength of the micro- 

waves agrees with the resonance wavelength X Q of 
the microwaves, the microwaves are resonated in 
the microwave resonator 192. The resonance 
wavelength Xq of the microwaves resonated in the 
so microwave resonator 192 is longer than the electric 
length L E of the microwave resonator 187, in the 
same reason as in the strip loop resonator 181. 
Also, a resonance width of the microwaves is nar- 
rowed in proportion as the capacitive coupling be- 
55 tween the parallel coupling lines 192a, 192b is 
stronger, in the same reason as in the strip loop 
resonator 181. 
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Thereafter, the microwaves resohated in the 
microwave resonator 193 are transferred to the 
output tap coupling line 186. 

Accordingly, because the capacitive coupling 
between the parallel coupling lines 192a ( 192b is s 
stronger than that between the parallel coupling 
lines 182a, 182b, the strip loop resonator 191 can 
be greatly minimized regardless of the wavelength 
of the microwaves as compared with the strip loop 
resonator 181. n 

Also, the resonance wavelength X 0 of the mi- 
crowaves can be minutely adjusted by changing 
the shape of the curved inside surfaces of the 
parallel coupling lines 192a, 192b or the distance 
S1 between the parallel coupling lines 192a, 192b. n 

Also, the strip loop resonator 191 in which the 
resonance width is narrowed can be manufactured 
in the same reason as in the strip loop resonator 
181. 

Also, in cases where the strip loop resonator 20 
191 is utilized as a resonator in an oscillating 
circuit, superior phase-noise characteristics can be 
obtained in the oscillated circuit in which the strip 
loop resonator 191 is utilized. 

Also, because the strip loop resonator 191 is in 25 
rectangular shape, a plurality of resonators 1 81 can 
be closely arranged in series. 

Next, a third embodiment of the fourth concept 
according to the present invention is described. 

Fig. 20 is a plan view of a strip loop resonator 30 
, according to a third embodiment of the fourth con- 
cept. 

As shown in Fig. 20, a strip loop resonator 201 
comprises the parallel coupling lines 182a, 182b, 
the first side connecting line 183, the second side 35 
connecting line 184, the input tap coupling line 
184, the output tap coupling line 185, and a line-to- 
line coupling capacitor 202 arranged between the 
parallel coupling lines 182a, 182b. 

The line-to-line coupling capacitor 202 is aq 
formed of a plafe capacitor or a chip capacitor, and 
has a lumped capacitance Cw. 

In the above configuration, because the line-to- 
line coupling capacitor 202 is arranged between 
the parallel coupling lines 182a, 182b, a character- 45 
istic impedance in the strip loop resonator 20i is 
additionally changed by the capacitor 202 as com- 
pared with that in the strip loop resonator 181. 

Accordingly, the strip loop resonator 201 can 
be greatly minimized regardless of a wavelength of 50 
microwaves as compared with the strip loop reso- 
nator 181. 

Also, a resonance wavelength X D of the micro- 
waves can be minutely adjusted by changing the 
lumped capacitance Cw of the capacitor 202. The 55 
lumped capacitance Cw of the capacitor 202 is, for 
example, changed by trimming both plates of the 
capacitor 202 after the strip loop resonator 191 is 



manufactured. 

In the third embodiment of the fourth concept, 
the capacitor 202 is additionally provided to the 
resonator 181. However, it is preferred that the 
capacitor 202 be additionally provided to the reso- 
nator 191. In this case, the strip loop resonator 201 
can be greatly minimized as compared with the 
strip loop resonator 191. 

Also, the capacitor 202 is positioned in the 
center of each of the parallel coupling lines 182a, 
1 82b. However, the position of the capacitor 202 is 
not limited to the center of each of the parallel 
coupling lines 182a, 182b. For example, it is pre- 
ferred that the capacitor 202 be positioned adjacent 
to the first side connecting line 183 or be posi- 
tioned adjacent to the second side connecting line 
184. 

Next, a fourth embodiment of the fourth con- 
cept according to the present invention is de- 
scribed. 

Fig. 21 is a plan view of a strip loop resonator 
according to a fourth embodiment of the fourth 
concept 

As shown in Fig. 21 , a strip loop resonator 21 1 
comprises the parallel coupling lines 182a, 182b, a 
first side connecting line 212 through which first 
side ends of the parallel coupling lines 182a. 182b 
are connected, a second side connecting line 213 
through which the other side ends of the parallel 
coupling lines 182a, 182b are connected, the input 
tap coupling line 184, and the output tap coupling 
line 185. 

The first and second side connecting lines 212, 
213 have the narrow width W2 and an electric 
length L3. Both ends of the first side connecting 
line 212 are connected to the inside portions of the 
parallel coupling lines 182a, 182b at the first side, 
and both ends of the second side, connecting line 

213 are connected to the inside portions of the 
parallel coupling lines 182a, 182b at the second 
side. Therefore, a microwave resonator 214 is 
formed of the parallel coupling lines 182a, 182b 
and the first and second side connecting lines 212, 
213. An electric length of the microwave resonator 

214 sums up to I_e = 2*L1 + 2*L3. 

Because the both ends of the first side con- 
necting line 212 are approached to each other, and 
because the first side connecting line 212 has the 
narrow width W2, both ends of the first side con- 
necting line 212 are coupled to each other in 
inductive coupling. Also, both ends of the second 
side connecting line 213 are coupled to each other 
in inductive coupling in the same reason. 

In the above configuration, a characteristic im- 
pedance in the strip loop resonator 21 1 is addition- 
ally changed by the first and second side connect- 
ing lines 212, 213 as compared with that in the 
strip loop resonator 181 . 
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Accordingly, the strip loop resonator 211 can 
be greatly minimized regardless of a wavelength of 
microwaves as compared with the strip loop reso- 
nator 181. 

Next, a fifth embodiment of the fourth concept 
according to the present invention is described. 

Fig. 22 is a plan view of a strip loop resonator 
according to a fifth embodiment of the fourth con- 
cept. 

As shown in Fig. 22, a strip loop resonator 221 
comprises a pair of parallel coupling lines 222a, 
222b, a C-shaped first side connecting line 223 
through which first side ends of the parallel cou- 
pling lines 222a, 222b are connected, a C-shaped 
second side connecting line 224 through which the 
other side ends of the parallel coupling lines 222a, 
222b are connected, the input tap coupling line 
184, and the output tap coupling line 185. 

Each of the parallel coupling lines 222a, 222b 
has a narrow width W3 and an electric length L1, 
and the parallel coupling lines 222a, 222b are 
spaced a narrow distance S1 apart. Therefore, the 
parallel coupling lines 222a, 222b are coupled to 
each other in inductive coupling in cases where 
microwaves are transmitted in the parallel coupling 
lines 222a, 222b. 

The first and second side connecting lines 223, 
224 have the narrow width W3 and an electric 
length L2. Both ends of the first side connecting 
line 223 are connected to the parallel coupling lines 
' 222a, 222b at a first side (or a left side in Fig, 22), 
and both ends of the second side connecting line 

224 are connected to the parallel coupling lines 
222a, 222b at a second side (or a right side in Fig. 
22). Therefore, a microwave resonator 225 is 
formed of the parallel coupling lines 222a, 222b 
and the first and second side connecting lines 223, 
224. An electric length of the microwave resonator 

225 sums up to L E = 2*L1 + 2*L2. Also, both ends 
of the first side connecting line 223 are not coupled 
to each other so much in cases where microwaves 
are transmitted in the first side connecting line 223. 
Also, both ends of the second side connecting line 
224 are not coupled to each other so much in the 
same manner. * 

In the above configuration, a characteristic im- 
pedance in the strip loop resonator 221 is deter- 
mined according to the electric length L E of the 
microwave resonator 225 and the inductive cou- 
pling between the parallel coupling lines 222a, 
222b. 

Accordingly, the strip loop resonator 221 can 
be minimized even though the electric length Le of 
the microwave resonator 225 is smaller than a 
wavelength of the microwaves. 

Next, a sixth embodiment of the fourth concept 
according to the present invention is described. 



Fig. 23 is a plan view of a strip loop resonator 
according to a sixth embodiment of the fourth 
concept. 

As shown in Fig. 23, a strip loop resonator 231 

5 comprises a pair of parallel coupling lines 232a, 
232b, a C-shaped first side connecting line 233 
through which first side ends of the parallel cou- 
pling lines 232a, 232b are connected, a C-shaped 
second side connecting line 234 through which the 

w other side ends of the parallel coupling lines 232a, 
232b are connected, the input tap coupling line 
184, and the output tap coupling line 185. 

The parallel coupling lines 232a, 232b and the 
first and second side connecting lines 233, 234 

is respectively have a narrow width W4, so that a 
microwave resonator 235 having the narrow width 
W4 is formed of the lines 232a, 232b, 233, and 
234. An electric length of the microwave resonator 
235 is the same as that of the microwave resonator 

20 225. The narrow width W4 is narrower than the 
width W3 of the microwave resonator 225. There- 
fore, the inductive coupling between the parallel 
coupling lines 232a, 232b is stronger than that 
between the parallel coupling lines 222a, 222b 

25 shown in Fig. 22. In contrast, capacitive coupling 
between the parallel coupling lines 232a, 232b is 
weaker than that between the parallel coupling 
lines 222a, 222b shown in Rg, 22. 

In the above configuration, a characteristic im- 

30 pedance in the strip loop resonator 231 is deter- 
mined according to the electric length L E of the 
microwave resonator 235 and the inductive cou- 
pling between the parallel coupling lines 232a, 
..232b, in the same, manner as in the resonator 221. 

35 Accordingly, the strip loop resonator 231 can be 
minimized in the same manner as the resonator 
221 shown in Fig. 22. 

In the fifth to sixth embodiments of the fourth 
concept, it is preferred that the line-to-line capaci- 

40 tor 202 be additionally provided to the resonator 
221 or 222 to strengthen the capacitive coupling 
between the parallel coupling lines 222a, 222b, or 
the parallel coupling lines 232a, 232b. Also, it is 
preferred that a pair of curved coupling lines be 

45 provided in place of the straight coupling lines on 
condition that the curved coupling lines are spaced 
the distance S1 apart. 

in the first to sixth embodiments of the fourth 
concept, the input and output tap coupling lines 

so 183, 186 are respectively coupled to the first and 
second side connecting lines in the inductive cou- 
pling. However, it is preferred that the input and 4 
output tap coupling lines 183, 186.be coupled to 
the first and second side connecting lines in ca- 

55 pacitive coupling. Also, it is preferred that the input 
and output tap coupling lines 183, 186 be coupled 
to the parallel coupling lines 182a, 182b, to 232a, 
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Next, a s venth embodiment of the fourth con- 
cept according to the present invention is de- 
scribed. 

Fig. 24 is a plan view of a band-pass filter in 
which two microwave resonators 187 shown in Fig. 5 
18 are arranged in series according to a seventh 
embodiment of the fourth concept. 

As shown in Fig. 24, a band-pass filter 241 
according to the seventh embodiment comprises 
an input strip line 242 in which microwaves are ic 
transmitted, the microwave resonator 187 arranged 
in a first stage, the microwave resonator 187 ar- 
ranged in a second stage, an input coupling ca- 
pacitor 243 for coupling the input strip line 242 to 
the first-stage microwave resonator 187 in capaci- is 
tive coupling, an output strip line 244 in which the 
microwaves resonated in the microwave resonators 
187 are transmitted, an output coupling capacitor 
245 for coupling the output strip line 242 to the 
second-stage microwave resonator 187 in capaci- 20 
tive coupling. 

The second side connecting line 184 of the 
first-stage microwave resonator 187 is coupled to 
the first side connecting line 183 of the second- 
stage microwave resonator 187 in inductive cou- 25 
pling. Because the width W2 of the" first and sec- 
ond connecting lines 183,'. 184 is narrow, a type of 
the electromagnetic coupling between the first and 
second connecting lines 183, 184 is the inductive 
coupling. 30 

In the above configuration, when microwaves 
are circulated in the first-stage microwave resona- 
tor 187, magnetic field is strongly induced around 
the second connecting line 184 of the first-stage 
microwave resonator 187 so that microwaves are 35 
induced by the magnetic field in the first connect- 
ing line 183 of the second-stage microwave reso- 
nator 187. Thereafter, the microwaves are circu- 
lated in the second-stage microwave resonator 187, 
and the microwaves are transferred to the output 40 
strip line 244. In this case, each of the microwave 
resonators 187 functions as a resonator and filter. 
Therefore, the band-pass filter 241 functions as a 
four-stage filter. 

Accordingly, because the microwave resona- 45 
tors 187 are in rectangular shape, the microwave 
resonators 187 can be closely coupled to each 
other. Also, because a large number of rectangle- 
shaped microwave resonators 187 can be orderly 
arranged, the band-pass filter 241 can be mini- so 
mized even though a large number of rectangle- 
shaped microwave resonators 187 are arranged in 
series. 

Also, a resonance width of the microwaves in a 
low band is generally narrowed in cases where the 55 
microwaves are transferred in the capacitive cou- 
pling, and a r sonance width of the microwav s in 
a high band is generally narrowed in cases where 



the microwaves are transferred in the inductive 
coupling. In the band-pass filter 241 , the input and 
output strip lines 242, 244 are coupled to the 
microwave resonators 187 in the capacitive cou- 
pling, and the microwave resonators 187 are coup- 
led to each other in the inductive coupling. There- 
fore, the resonance width of the microwaves can be 
narrowed regardless of the frequency of the micro- 
waves. 

In the seventh embodiment of the fourth con- 
cept, the microwave resonators 187 are arranged in 
series. However, the seventh embodiment is not 
limited to the microwave resonators 187. That is, it 
is preferred that the microwave resonators 193, 
213, 225, or 235 be arranged in series. 

Next, an eighth embodiment of the fourth con- 
cept according to the present invention is de- 
. scribed. 

Fig. 25 is a plan view of a band-pass filter in 
which two microwave resonators 187 shown in Fig. 
18 are arranged in series according to an eighth 
embodiment of the fourth concept. 

As shown in Fig. 25. a band-pass filter 251 
according to the seventh embodiment comprises 
the input tap coupling line 185, the microwave 
resonator 187 arranged in a first stage, the micro- 
wave resonator 187 arranged in a second stage, 
and the output strip line 186 

The parallel coupling line 182b of the first- 
stage microwave resonator 187 is coupled to the 
parallel coupling line 182a of the second-stage 
microwave resonator 187 in capacitive coupling. 
Because the width W1 of the parallel coupling lines 
182a, 182b is wide, a type of the electromagnetic 
coupling between the parallel coupling lines 182a, 
182b is the capacitive coupling. 

In the above configuration, when microwaves 
are circulated in the first-stage microwave resona- 
tor 187, electric field is strongly induced around the 
parallel coupling line 182b of the first-stage micro- 
wave resonator 187 so that microwaves are in- 
duced by the electric field in the parallel coupling 
line 182a of the second-stage microwave resonator 
187. Thereafter, the microwaves are circulated in 
the second-stage microwave resonator 187, and 
the microwaves are transferred to the output tap 
coupling line 186. In this case, each of the micro- 
wave resonators 1 87 functions as a resonator and 
filter Therefore, the band-pass filter 251 functions 
as a four-stage filter. 

Accordingly, because the microwave resona- 
tors 187 are in rectangular shape, the microwave 
resonators 187 can be closely coupled _to each 
other. Also, because a large number of rectangle- 
shaped microwave resonators 187 can be orderly 
arranged, the band-pass filter 251 can be mini- 
mized even though a large number of rectangle- 
shaped microwave resonators 187 are arranged in 
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s ties. 

Also, the input and output tap coupling lines 
185, 186 are coupled to the microwave resonators 
187 in the inductive coupling, and the microwave 
resonators 187 are coupled to each other in the 5 
capacitive coupling. Therefore, a resonance width 
of the microwaves can be narrowed regardless of 
the frequency of the microwaves in the band-pass 
filter 251 . 

In the eighth embodiment of the fourth con- w 
cept, the microwave resonators 187 are arranged in 
series. However, the eighth embodiment is not 
limited to the microwave resonators 187. That is, it 
is preferred that the microwave resonators 193, 
213, 225, or 235 be arranged in series, 1$ 

Having illustrated and described the principles 
of our invention in a preferred embodiment thereof, 
it should be readily apparent to those skilled in the 
art that the invention can be modified in arrange- 
ment and detail without departing from such princi- 20 
pies. We claim all modifications coming within the 
spirit and scope of the accompanying claims. 

A strip dual mode loop resonator consists of a 
loop-shaped strip line having a pair of straight strip 
lines arranged in parallel, an electric length of the 25 
loop-shaped strip line being equivalent to a 
wavelength of a microwave circulated in the loop- 
shaped strip line in two difference directions ac- 
cording to a characteristic impedance of the loop- 
shaped strip line, and the straight strip lines being 30 
'coupled to each other in electromagnetic coupling 
to change the characteristic impedance of the loop- 
shaped strip line. The microwave is transferred 
from an input strip line to the loop-sfiaped strip line 
through electromagnetic field induced by the mi- 35 
crowave. Thereafter, the microwave is reflected in 
the straight strip lines of the loop-shaped strip line 
to produce reflected microwaves circulated in op- 
posite directions. Thereafter, the reflected waves 
are resonated and filtered in dual mode in the loop- 40 
shaped strip line. Thereafter, the microwave formed 
of the reflected waves is transferred from the loop- 
shaped strip line to an output strip line through 
electromagnetic field induced by the microwave. 

\ 45 

Claims 

1. A strip dual mode loop resonator in which a 
microwave is resonated, comprising: 

a loop-shaped strip line having a pair of 50 
parallel lines arranged in parallel to each other, 
an electric line length of the loop-shaped strip 
line being equivalent to a wavelength of the 
microwave to resonate the microwave circu- 
lated in the loop-shaped strip line in two dif- 55 
ference directions according to a characteristic 
impedance of the loop-shaped strip line, and 



in electromagnetic coupling to change the 
characteristic impedance of the loop-shaped 
strip line; 

an input strip line in which the microwave 
is transmitted; 

an input impedance element for coupling 
the input strip line to the loop-shaped strip line 
in electromagnetic coupling to transfer the mi- 
crowave from the input strip line to an input 
point of the loop-shaped strip line; 

an output strip line in which the microwave 
resonated in the loop-shaped strip line is trans- 
mitted; and 

an output impedance element for coupling 
the output strip line to the loop-shaped strip 
line in electromagnetic coupling to transfer the 
microwave from an output point of the loop- 
shaped strip line to the output strip line, the 
output point being spaced a quarter of the 
wavelength of the microwave apart from the 
input point. 

2. A resonator according to claim 1, the strip dual 
mode loop resonator additionally includes a 
line-to-line impedance element arranged be- 
tween the parallel lines of the loop-shaped 
strip line for changing the characteristic imped- 
ance of the loop-shaped strip line, a first elec- 
tric line length between the input point and one 
end of the iine-to-iine impedance element con- 
nected to one of the parallel lines being equal 
to a second electric length between the output 
point and another end of the line-to-line imped- 
ance element connected to the other parallel 
line. • * 

3. A resonator according to claim 2 in which the 
first and second electric line lengths are equal 
to a quarter of the wavelength of the micro- 
wave. 

4. A resonator according to claim 1 in which the 
loop-shaped strip line is in rectangle shape, 
and four corners of the loop-shaped strip line 
are cut off. 

5. A resonator according to claim 1, the strip dual 
mode loop resonator additionally includes a 
capacitor having a variable capacitance for 
changing the characteristic impedance of the 
loop-shaped strip line, one end of the capacitor 
being connected to a connecting point of the 
loop-shaped strip line spaced a three-eighth of 
the wavelength of the microwave apart from 
the input and output points of the loop-shaped 
strip line, and another end of the capacitor 
being grounded. 
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6. A resonator according to claim 1, the strip dual 
mode loop resonator additionally includes an 
open end stub for reflecting the microwave to 
change the characteristic impedance of the 
loop-shaped strip line, the open end stub being 5 
spaced a three-eighth of the wavelength of the 
microwave apart from the input and output 
points of the loop-shaped strip line, and inten- 
sity of the microwave reflected by the open 

end stub being changed by trimming the open 70 
end stub. 

7. A resonator according to claim 1 in which the 
input impedance element is an input coupling 
capacitor for coupling the input strip line to the 15 
loop-shaped strip line in capacitive coupling, 

and the output impedance element is an output 
coupling capacitor for coupling the output strip 
line to the loop-shaped strip line in capacitive 
coupling. 20 

8. A resonator according to claim 1 in which the 
input impedance element is an input magnetic 
coupling line for coupling the input strip line to 

the loop-shaped strip line in magnetic cou- 25 
pling, and the output impedance element is an 
output magnetic coupling line for coupling the 
output strip line to the loop-shaped strip line in 
magnetic coupling. 

30 

9. A resonator according to claim 2 in which the 
line-to-line impedance element is a capacitor 
having a lumped capacitance. 

10. A resonator according to claim 2 in which the 35 
line-to-line impedance element is a coupling 
capacitor having a distributed capacitance. 

11. A resonator according to claim 2 in which the 
line-to-line impedance element is an inductor 40 
having a lumped inductance. 

12. A resonator according to claim 1 in which the 
loop-shaped strip line and the input and output 
strip lines are respectively formed of a micro- 45 
strip. * 

13. " A resonator according to claim 1 in which the 

loop-shaped strip line and the input and output 
strip lines are respectively formed of a bal- 50 
anced strip line. 

14. A strip dual mode loop resonator in which a 
microwave is resonated, comprising: 

a loop-shaped strip line having a pair of 55 
parallel lines arranged in parallel to each other, 
a line length of the loop-shaped strip line being 
equal to a wavelength of the microwave to 



resonate the microwave which is circulated in 
the loop-shaped strip line in two difference 
directions according to a characteristic imped- 
ance of the loop-shaped strip line, and the 
parallel lines being coupled to each other in 
electromagnetic coupling to change the char- 
acteristic impedance of the loop-shaped strip 
line; 

an input strip line in which the microwave 
is transmitted; 

an input impedance element for coupling 
the input strip line to the loop-shaped strip line 
in electromagnetic coupling to transmit the mi- 
crowave from the input strip line to an input 
point of the loop-shaped strip line; 

an output strip line in which the microwave 
resonated in the loop-shaped strip line is trans- 
mitted; 

an output impedance element for coupling 
the output strip line to the loop-shaped strip 
line in electromagnetic coupling to transfer the 
microwave from an output point of the loop- 
shaped strip line to the output strip line, the 
output point of the loop-shaped strip line being 
spaced a half of the wavelength of the micro- 
wave apart from the input point of the loop- 
shaped strip line; and 

a line-to-line impedance element arranged 
between the parallel lines of the loop-shaped 
strip line for changing the characteristic imped- 
ance of the loop-shaped strip line, one end of 
the line-to-line impedance element connected 
to one of the parallel lines being spaced a 
quarter of the wavelength of the microwave 
apart from the input point of the looprshaped 
strip line, and another end of the line-to-line 
impedance element connected to the other 
parallel line being positioned to the output 
point of the loop-shaped strip line. 

15. A resonator according to claim 14 in which the 
input impedance element is an input coupling 
capacitor for coupling the input strip line to the 
loop-shaped strip line in capacitive coupling, 
and the output impedance element is an output 
magnetic coupling line for coupling the output 
strip line to the loop-shaped strip line in mag- 
netic coupling. 

16. A resonator according to claim 14 in which the 
line-to-line impedance element is an inductor 
having a lumped inductance. 

17. A resonator according to claim 14 in which the 
loop-shaped strip line and the input and output 
strip lines are respectively formed of a micro- 
strip. 
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18. A resonator according to claim 14 in which the 
loop-shaped strip line and the input and output 
strip lines are respectively formed of a bal- 
anced strip line. 

19. A band-pass filter for filtering a microwave, 
comprising: 

a plurality of Joop-shaped strip lines ar- 
ranged in series, each of the loop-shaped strip 
lines having a pair of parallel lines arranged in 
parallel to each other, an electric line length of 
each of the loop-shaped strip line being equiv- 
alent to a wavelength of the microwave to 
resonate the microwave circulated in the loop- 
shaped strip line in two difference directions 
according to a characteristic impedance of the 
loop-shaped strip line, and the parallel lines of 
each of the loop-shaped strip line being coup- 
led to each other in electromagnetic coupling 
to change the characteristic impedance of 
each of the loop-shaped strip lines; 

an input strip line in which the microwave 
is transmitted; 

an input impedance element for coupling 
the input strip line to the loop-shaped strip line 
arranged in a first stage in electromagnetic 
coupling to transfer the microwave from the 
input strip line to an input point of the first- 
stage loop-shaped strip line; 

a plurality of inter-stage impedance ele- 
ments which each are arranged between a pair 
of loop-shaped strip lines; 

an output strip line in which the microwave 
resonated in the loop-shaped strip lines is 
transmitted; and 

an output impedance element for coupling 
the output strip line to the loop-shaped strip 
line arranged in a final stage in electromag- 
netic coupling to transfer the microwave from 
an output point of the final-stage loop-shaped 
strip line to the output strip line, the output 
point being spaced a quarter of the wavelength 
of the microwave apart from the input point in., 
each of the loop-shaped strip lines. 

20. A filter according to claim 19, each of the loop- 
shaped strip lines additionally includes a line- 
to-line impedance element arranged between 
the parallel lines of the loop-shaped strip line 
for changing the characteristic impedance of 
the loop-shaped strip line, a first lectric line 
length between the input point and one end of 
the line-to-line impedance element connected 
to one of the parallel lines being equal to a 
second lectric length between th output 
point and another end of the line-to-line imped- 
ance element connected to the other parallel 



21. A strip dual mode loop resonator in which a 
microwav is resonated, comprising: 

a loop-shaped strip line having an electric 
length e L = 360 degrees equivalent to a 

5 wavelength of the microwave to resonate the 

microwave circulated therein in two difference 
directions according to a line impedance there- 
of, the loop-shaped strip line comprising 

a pair of parallel lines which are arranged 

ro in parallel to each other and are coupled to 

each other in electromagnetic coupling, the 
parallel lines respectively having an electric 
length 01 degrees (0K9O degrees) and a line 
impedance Z1, 

75 a first side strip line through which first 

side ends of the parallel lines are connected, 
the first side strip line having an electric length 
62 degrees (02>9O degrees) and a line imped- 
ance Z2 differing from the line impedance Z1, 

20 and 

a second side strip line through which 
second side ends of the parallel lines are con- 
nected, the second side strip line having an 
electric length. 03 degrees (03 = 360 - 2*01 - 
25 02) and a line impedance Z3 differing from the 

line impedance Z1; 

an input strip line in which the microwave 
is transmitted; 

an input impedance element for coupling 
30 the input strip line to the first side strip line of 

the loop-shaped strip line in electromagnetic 
coupling to transfer the microwave from the 
input strip line to an input point of the first side 
strip line; 

35 an output strip line in which the microwave 

resonated in the loop-shaped strip line is trans- 
mitted; and 

an output impedance element for coupling 
the output strip line to the first side strip line of 

40 the loop-shaped strip line in electromagnetic 
coupling to transfer the microwave from an 
output point of the first side strip line to the 
output strip line, the output point of the first 
side strip line being spaced 90 degrees in the 

45 electric length apart from the input point of the 

first side strip line. 

22. A resonator according to claim 21, the strip 
dual mode loop resonator additionally includes 

so an open nd stub for reflecting the microwave 

to change the line impedance of the loop- 
shaped strip line, the open end stub being 
arrang d at a middle point of the second side 
strip tin to be spaced a thr e-eighth of the 

55 wavelength of the microwave apart from the 

input and output points of the first side strip 
line, and intensity of the microwave reflected 
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ming the open end stub. 

23. A resonator according to claim 21, the strip 
dual bode loop resonator additionally includes 

a capacitor having a variable capacitance for 5 
changing the line impedance of the loop- 
shaped strip line, one end of the capacitor 
being connected to a middle point of the sec- 
ond side strip line to be spaced a three-eighth 
of the wavelength of the microwave apart from 70 
the input and output points of the loop-shaped 
strip line, and another end of the capacitor 
being grounded. 

24. A resonator according to claim 21 in which is 
widths of the parallel lines are wider than 
widths of the first and second side strip lines. 

25. A resonator according to claim 21 in which a 
distance between the parallel lines is narrower 20 
than another distance between both ends of 

the first side strip line which is bent in U 
shape. 

26. A resonator according to claim 25 in which a 25 
distance between both ends of the second side 
strip line which is bent in U shape is narrower 
than the distance between the parallel lines. 

27. A resonator according to claim 21 in which the 30 
input impedance element is an input coupling 
capacitor for coupling the input strip line to the 

first side strip line of the loop-shaped strip line 
in capacitive coupling, and the output imped- 
ance element is an output coupling capacitor 35 
for coupling the output strip line to the first 
side strip line of the loop-shaped strip line in 
capacitive coupling. 

2a A resonator according to claim 27 in which the . 40 
input coupling capacitor has a lumped capaci- 
tance. 

29. A resonator according to claim 27 in which the 

input coupling capacitor has a distributed ca- 45 
pacitance. * 

3d: A resonator according to claim 27 in which the 
output coupling capacitor has a lumped ca- 
pacitance. 50 

31. A resonator according to claim 27 in which the 
output coupling capacitor has adistributed ca- 
pacitance. 

55 

32. A band-pass filter for filtering a microwave, 
comprising: 

a plurality of loop-shaped strip lines ar- 



ranged in series, each of the loop-shaped strip 
lines having an lectric length e L = 360 degrees 
equivalent to a wavelength of the microwave to 
resonate the microwave circulated therein in 
two difference directions according to a line 
impedance thereof, each of the loop-shaped 
strip lines comprising 

a pair of parallel lines which are arranged 
in parallel to each other and are coupled to 
each other in electromagnetic coupling, the 
parallel lines respectively having an electric 
length 01 degrees (0K9O degrees) and a line 
impedance Z1 , 

a first side strip line through which first 
side ends of the parallel lines are connected, 
the first side strip line having an electric length 
02 degrees (02>9O degrees) and a line imped- 
ance 22 differing from the line impedance Z1 , 
and 

a second side strip line through which 
_ second side ends of the parallel lines are con- 
nected, the second side strip line having an 
electric length 03 degrees (03 = 360 - 2*01 - 
0?) and a line impedance Z3 differing from the 
line impedance Z1; 

an input strip line in which the microwave 
is transmitted; 

an input impedance element for coupling 
the input strip line to the first side strip line of 
the loop-shaped strip line arranged in a first 
stage in electromagnetic coupling to transfer 
the microwave from the' input strip line to an 
input point of the first side strip line; 

a plurality of inter-stage impedance ele- 
ments which each are arranged between a pair 
, of loop-shaped strip lines; ^ 

an output strip line in which the microwave 
resonated in the loop-shaped strip line is trans- 
mitted; and 

an output impedance element for coupling 
the output strip line to the first side strip line of 
the loop-shaped strip line arranged in a final 
stage in electromagnetic coupling to transfer 
the microwave from an output point of the first 
side strip line to the output strip line, the 
output point of the first side strip line being 
spaced 90 degrees in the electric length apart 
from the input point of the first side strip line in 
each of the loop-shaped strip lines. 

33. A strip loop r sonator in which a microwave is 
resonated, comprising: 

a rectangle-shaped strip line having an 
electric length shorter than a wavelength of the 
microwave for resonating the microwave cir- 
culated therein in two difference directions ac- 
cording to a line impedance thereof, the 
rectangle-shaped strip line comprising 
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a pair of parallel coupling lines respec- 
tively having a wide width which are arranged 
in parallel to each other and are coupled to 
each other in capacitive coupling to change a 
characteristic impedance of the rectangle- 
shaped strip line, 

a first side strip line through which first 
side ends of the parallel lines are connected, 
the first side strip line having a narrow width 
narrower than the wide width of the parallel 
coupling lines, and 

a second side strip line through which 
second side ends of the parallel lines are con- 
nected, the second side strip line having an- 
other narrow width narrower than the wide 
width of the parallel coupling lines, 

an input strip line coupled to the rectangle- 
shaped strip line in electromagnetic coupling, 
the microwave being transferred from the input 
strip line to the rectangle-shaped strip line; and 

an output strip line coupled to the 
rectangle-shaped strip line in electromagnetic 
coupling, the microwave being transferred from 
the rectangle-shaped strip line to the output 
strip line. 

34. A resonator according to claim 33 in which the 
parallel coupling lines of the rectangle-shaped 
strip line have curved inside surfaces facing 
each other to strengthen the capacitive cou- 
pling between the parallel coupling lines, the 
curved inside surfaces being spaced a narrow 
distance apart. 

35. A resonator according to claim 33 in which a 
line-to-line capacitor having a lumped capaci- 
tance is arranged between the parallel coupling 
lines of the rectangle-shaped strip line to 
change a characteristic impedance of the 
rectangle-shaped strip line. 

36. A resonator according to claim 35 in which one 
end of the line-to-line capacitor being con- 
nected to a" central portion of one of the par- 
allel coupling lines, and another end of the 
li ne -to-line capacitor being connected to an- 
other central portion of the other parallel cou- 
pling line. 

37. A resonator according to claim 33 in which- 
both ends of the first and second side strip 
lines are connected to inside portions of the 
parallel coupling lines of the rectangle-shaped 
strip line, the inside portions of the parallel 
coupling lines facing each other. 

38. A resonator according^to claim 33 in which the 
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line in conductive coupling, and the output 
strip line is coupled to the second side strip 
line in the conductive coupling. 

39. A resonator according to claim 33 in which the 
input strip line is coupled to the first side strip 
line in inductive coupling, and the output strip 
line is coupled to the second side strip line in 
the inductive coupling. 

40. A strip loop resonator in which a microwave is 
resonated, comprising: 

a loop-shaped strip line having an electric 
length shorter than a wavelength of the micro- 
wave for resonating the microwave circulated 
therein in two difference directions according 
to a line impedance thereof, the loop-shaped 
strip line comprising 

a pair of parallel coupling lines respec- 
tively having a narrow width which are ar- 
ranged in parallel to each other and are coup- 
led to each other in inductive coupling to 
change a characteristic impedance of the loop- 
shaped strip line, 

a first side strip line through which first 
side ends of the parallel lines are connected, 
the first side strip line having the narrow width, 
and 

a second side strip line through which 
second side ends of the parallel lines are con- 
nected, the second side strip line having the 
narrow width, 

an input strip line coupled to the loop- 
shaped strip line in electromagnetic coupling, 
the microwave being transferred from the input 
strip line to the loop-shaped strip line; and 

an output strip line coupled to the loop- 
shaped strip line in electromagnetic coupling, 
the microwave being transferred from the loop- 
shaped strip line to the output strip line. 

41. A resonator" according to claim 40 in which the 
parallel coupling lines of the loop-shaped strip 
line are curved to face each other at a narrow 
distance to strengthen the inductive coupling 
between the parallel coupling lines. 

42. A band-pass filter for filtering a microwave, 
comprising: 

a plurality of rectangle-shaped strip lines 
coupled in series which each comprise a pair 
of parallel coupling lines respectively having a 
wide width which are arranged in parallel to 
each other and are coupled to each other in 
capacitive coupling to change a characteristic 
impedance of the rectangle-shaped strip line, a 
first side strip line having a narrow width 
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lines are connect d, and a second side strip 
line having another narrow width through which 
second side ends of the parallel lines are con- 
nected, each of the rectangle-shaped strip 
lines having an electric length shorter than a 5 
wavelength of the microwave to resonate the 
microwave circulated therein in two difference 
directions according to a line impedance there- 
of; 

an input strip line coupled to the rectangle- rc 
shaped strip line in a first stage, the microwave 
being transferred from the input strip line to 
the rectangle-shaped strip line in the first 
stage; and 

an output strip line coupled to the 75 
rectangle-shaped strip line in a final stage, the 
microwave being transferred from the 
rectangle-shaped strip line in the final stage to 
the output strip line. 

20 

43. A filter according to claim 42 in which one of 
the parallel coupling lines of the rectangle- 
shaped strip line in an upper stage is coupled 
to one of the parallel coupling lines of the 
rectangle-shaped strip line in a lower stage in 25 
capacitive coupling. 

44. A filter according to claim 43 in which the input 
and output strip lines are coupled to the 
rectangle-shaped strip lines in inductive cou- 30 
pling. 

45. A filter according to claim 42 in which the 
second side strip line of the rectangle-shaped 
strip line in an upper stage is coupled to the 35 
first side strip line of the rectangle-shaped strip 

line in a lower stage in inductive coupling. 

46. A filter according to claim 45 in which the input 

and output strip lines are coupled to the 40 
rectangle-shaped strip lines in capacitive cou- 
pling. 

47. A filter according to claim 42 in which the 
parallel coupling lines of each of the rectangle- 45 
shaped strip lines have curved inside surfaces 
facing each other to strengthen the capacitive 
coupling between the parallel coupling lines, 

the curved inside surfaces being spaced a 
narrow distance apart. so 

48. A resonator according to claim 42 in which a 
line-to-line capacitor having a lumped capaci- 
tance is arranged between the parallel coupling 
lines of each of the rectangle-shaped strip 55 
lines to change a characteristic impedance of 

the rectangle-shaped strip lines. 
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